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10. A Inflação e o Universo Primordial

n 10.0 Introdução

n 10.1 O Problema da Planicidade

n 10.2 O Problema do Horizonte

n 10.3 O Problema do Monopolo

n 10.4 A Solução via Inflação

n 10.5 A Física da Inflação
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10.0 Introdução
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Apesar dos vários sucessos do modelo do Big Bang, 
tornou-se claro, principalmente após a descoberta da 

radiação cósmica de fundo em microondas (RCFM), a 
existência de alguns problemas no modelo.

Problema da 
planicidade

Problema do 
horizonte

Problema do 
monopolo
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Problema da 
planicidade

Problema do 
horizonte

Problema do 
monopolo

10.0 Introdução

O Universo hoje é 
aproximadamente 

plano e, no 
passado, era ainda 
mais próximo de 

ser plano. 

O Universo hoje é 
aproximadamente 

homogêneo e 
isotrópico e, no 

passado, era mais 
ainda.

O Universo 
aparentemente 

não possui 
monopolos 
magnéticos.
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Horizontes
10.0 Introdução
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Horizontes
10.0 Introdução

Horizonte da Partícula

É a distância máxima na qual um observador pode 
enviar  um sinal  (até o relógio “bater t=tf”). 

É a distância máxima a partir da qual um observador 
pode receber um sinal luminoso. (Geralmente se refere 
a um sinal enviado em “t=0”).

Horizonte de Eventos
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Horizontes
10.0 Introdução

A distância própria ao horizonte da partícula é:

d
hor

(t
0

) = c

Z t0

0

dt

a(t)
<latexit sha1_base64="3Jz1nusJS0IpeGzJgzC2w5EY62I=">AAACG3icbVDLSgMxFM34rOOr6tJNsAjtpswUQTdC0Y3LClaFTh0ymbQNzSRDckcow/yHG3/FjQtFXAku/BvT2oW2Hkg4nHPvTe6JUsENeN6Xs7C4tLyyWlpz1zc2t7bLO7vXRmWasjZVQunbiBgmuGRt4CDYbaoZSSLBbqLh+di/uWfacCWvYJSybkL6kvc4JWClsNyIwzzQCR4oXVQh9Gr4FFM34NLyu9xeBXbzGHCg7BRMqlArwnLFq3sT4HniT0kFTdEKyx9BrGiWMAlUEGM6vpdCNycaOBWscIPMsJTQIemzjqWSJMx088luBT60Sox7StsjAU/U3x05SYwZJZGtTAgMzKw3Fv/zOhn0Tro5l2kGTNKfh3qZwKDwOCgcc80oiJElhGpu/4rpgGhCwcbp2hD82ZXnyXWj7nt1//Ko0jybxlFC++gAVZGPjlETXaAWaiOKHtATekGvzqPz7Lw57z+lC860Zw/9gfP5DZxTn0M=</latexit><latexit sha1_base64="3Jz1nusJS0IpeGzJgzC2w5EY62I=">AAACG3icbVDLSgMxFM34rOOr6tJNsAjtpswUQTdC0Y3LClaFTh0ymbQNzSRDckcow/yHG3/FjQtFXAku/BvT2oW2Hkg4nHPvTe6JUsENeN6Xs7C4tLyyWlpz1zc2t7bLO7vXRmWasjZVQunbiBgmuGRt4CDYbaoZSSLBbqLh+di/uWfacCWvYJSybkL6kvc4JWClsNyIwzzQCR4oXVQh9Gr4FFM34NLyu9xeBXbzGHCg7BRMqlArwnLFq3sT4HniT0kFTdEKyx9BrGiWMAlUEGM6vpdCNycaOBWscIPMsJTQIemzjqWSJMx088luBT60Sox7StsjAU/U3x05SYwZJZGtTAgMzKw3Fv/zOhn0Tro5l2kGTNKfh3qZwKDwOCgcc80oiJElhGpu/4rpgGhCwcbp2hD82ZXnyXWj7nt1//Ko0jybxlFC++gAVZGPjlETXaAWaiOKHtATekGvzqPz7Lw57z+lC860Zw/9gfP5DZxTn0M=</latexit><latexit sha1_base64="3Jz1nusJS0IpeGzJgzC2w5EY62I=">AAACG3icbVDLSgMxFM34rOOr6tJNsAjtpswUQTdC0Y3LClaFTh0ymbQNzSRDckcow/yHG3/FjQtFXAku/BvT2oW2Hkg4nHPvTe6JUsENeN6Xs7C4tLyyWlpz1zc2t7bLO7vXRmWasjZVQunbiBgmuGRt4CDYbaoZSSLBbqLh+di/uWfacCWvYJSybkL6kvc4JWClsNyIwzzQCR4oXVQh9Gr4FFM34NLyu9xeBXbzGHCg7BRMqlArwnLFq3sT4HniT0kFTdEKyx9BrGiWMAlUEGM6vpdCNycaOBWscIPMsJTQIemzjqWSJMx088luBT60Sox7StsjAU/U3x05SYwZJZGtTAgMzKw3Fv/zOhn0Tro5l2kGTNKfh3qZwKDwOCgcc80oiJElhGpu/4rpgGhCwcbp2hD82ZXnyXWj7nt1//Ko0jybxlFC++gAVZGPjlETXaAWaiOKHtATekGvzqPz7Lw57z+lC860Zw/9gfP5DZxTn0M=</latexit><latexit sha1_base64="3Jz1nusJS0IpeGzJgzC2w5EY62I=">AAACG3icbVDLSgMxFM34rOOr6tJNsAjtpswUQTdC0Y3LClaFTh0ymbQNzSRDckcow/yHG3/FjQtFXAku/BvT2oW2Hkg4nHPvTe6JUsENeN6Xs7C4tLyyWlpz1zc2t7bLO7vXRmWasjZVQunbiBgmuGRt4CDYbaoZSSLBbqLh+di/uWfacCWvYJSybkL6kvc4JWClsNyIwzzQCR4oXVQh9Gr4FFM34NLyu9xeBXbzGHCg7BRMqlArwnLFq3sT4HniT0kFTdEKyx9BrGiWMAlUEGM6vpdCNycaOBWscIPMsJTQIemzjqWSJMx088luBT60Sox7StsjAU/U3x05SYwZJZGtTAgMzKw3Fv/zOhn0Tro5l2kGTNKfh3qZwKDwOCgcc80oiJElhGpu/4rpgGhCwcbp2hD82ZXnyXWj7nt1//Ko0jybxlFC++gAVZGPjlETXaAWaiOKHtATekGvzqPz7Lw57z+lC860Zw/9gfP5DZxTn0M=</latexit>

(5.51) Ryden

“Universo visível”

“Horizonte”
Horizonte da Partícula
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Horizontes
10.0 Introdução

Horizonte da Partícula

Por exemplo:

O objeto mais distante que podemos observar 
hoje é aquele na qual a luz emitida em “t = 0” 
está nos alcançando agora, em t = t0.

(Em teoria... para um Universo 100% sempre transparente...)
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10.0 Introdução

Distância de Hubble
Pontos separados por uma distância própria maior do 
que a distância de Hubble,

apresentam velocidades de recessão maiores do que a 
da luz.

LEMBRANDO...

dH(t0) ⌘ c/H0
<latexit sha1_base64="sgSZXJXqEKFlgTjnd8G0ivirh2s=">AAAB/nicbVDLSgNBEOz1GeNrVTx5GQxCvMRZEfQY9JJjBPOAZFlmZyfJkNmHM7OBsAT8FS8eFPHqd3jzb5wke9DEgoaiqpvuLj8RXGmMv62V1bX1jc3CVnF7Z3dv3z44bKo4lZQ1aCxi2faJYoJHrKG5FqydSEZCX7CWP7yb+q0Rk4rH0YMeJ8wNST/iPU6JNpJnHwderaw9fI667DHlI0Qvah727BKu4BnQMnFyUoIcdc/+6gYxTUMWaSqIUh0HJ9rNiNScCjYpdlPFEkKHpM86hkYkZMrNZudP0JlRAtSLpalIo5n6eyIjoVLj0DedIdEDtehNxf+8Tqp7N27GoyTVLKLzRb1UIB2jaRYo4JJRLcaGECq5uRXRAZGEapNY0YTgLL68TJqXFQdXnPurUvU2j6MAJ3AKZXDgGqpQgzo0gEIGz/AKb9aT9WK9Wx/z1hUrnzmCP7A+fwC+fJQL</latexit><latexit sha1_base64="sgSZXJXqEKFlgTjnd8G0ivirh2s=">AAAB/nicbVDLSgNBEOz1GeNrVTx5GQxCvMRZEfQY9JJjBPOAZFlmZyfJkNmHM7OBsAT8FS8eFPHqd3jzb5wke9DEgoaiqpvuLj8RXGmMv62V1bX1jc3CVnF7Z3dv3z44bKo4lZQ1aCxi2faJYoJHrKG5FqydSEZCX7CWP7yb+q0Rk4rH0YMeJ8wNST/iPU6JNpJnHwderaw9fI667DHlI0Qvah727BKu4BnQMnFyUoIcdc/+6gYxTUMWaSqIUh0HJ9rNiNScCjYpdlPFEkKHpM86hkYkZMrNZudP0JlRAtSLpalIo5n6eyIjoVLj0DedIdEDtehNxf+8Tqp7N27GoyTVLKLzRb1UIB2jaRYo4JJRLcaGECq5uRXRAZGEapNY0YTgLL68TJqXFQdXnPurUvU2j6MAJ3AKZXDgGqpQgzo0gEIGz/AKb9aT9WK9Wx/z1hUrnzmCP7A+fwC+fJQL</latexit><latexit sha1_base64="sgSZXJXqEKFlgTjnd8G0ivirh2s=">AAAB/nicbVDLSgNBEOz1GeNrVTx5GQxCvMRZEfQY9JJjBPOAZFlmZyfJkNmHM7OBsAT8FS8eFPHqd3jzb5wke9DEgoaiqpvuLj8RXGmMv62V1bX1jc3CVnF7Z3dv3z44bKo4lZQ1aCxi2faJYoJHrKG5FqydSEZCX7CWP7yb+q0Rk4rH0YMeJ8wNST/iPU6JNpJnHwderaw9fI667DHlI0Qvah727BKu4BnQMnFyUoIcdc/+6gYxTUMWaSqIUh0HJ9rNiNScCjYpdlPFEkKHpM86hkYkZMrNZudP0JlRAtSLpalIo5n6eyIjoVLj0DedIdEDtehNxf+8Tqp7N27GoyTVLKLzRb1UIB2jaRYo4JJRLcaGECq5uRXRAZGEapNY0YTgLL68TJqXFQdXnPurUvU2j6MAJ3AKZXDgGqpQgzo0gEIGz/AKb9aT9WK9Wx/z1hUrnzmCP7A+fwC+fJQL</latexit><latexit sha1_base64="sgSZXJXqEKFlgTjnd8G0ivirh2s=">AAAB/nicbVDLSgNBEOz1GeNrVTx5GQxCvMRZEfQY9JJjBPOAZFlmZyfJkNmHM7OBsAT8FS8eFPHqd3jzb5wke9DEgoaiqpvuLj8RXGmMv62V1bX1jc3CVnF7Z3dv3z44bKo4lZQ1aCxi2faJYoJHrKG5FqydSEZCX7CWP7yb+q0Rk4rH0YMeJ8wNST/iPU6JNpJnHwderaw9fI667DHlI0Qvah727BKu4BnQMnFyUoIcdc/+6gYxTUMWaSqIUh0HJ9rNiNScCjYpdlPFEkKHpM86hkYkZMrNZudP0JlRAtSLpalIo5n6eyIjoVLj0DedIdEDtehNxf+8Tqp7N27GoyTVLKLzRb1UIB2jaRYo4JJRLcaGECq5uRXRAZGEapNY0YTgLL68TJqXFQdXnPurUvU2j6MAJ3AKZXDgGqpQgzo0gEIGz/AKb9aT9WK9Wx/z1hUrnzmCP7A+fwC+fJQL</latexit>

Nota: esta definição depende apenas 
de homogeneidade e isotropia.
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10.0 Introdução

Ryden (Introduction to Cosmology, 2017)  

arm = 2.9⇥ 10�4; trm = 0.050 Myr
<latexit sha1_base64="4btzm9wLthIB/tMMbD0JE7DA0dM="></latexit><latexit sha1_base64="4btzm9wLthIB/tMMbD0JE7DA0dM="></latexit><latexit sha1_base64="4btzm9wLthIB/tMMbD0JE7DA0dM="></latexit><latexit sha1_base64="4btzm9wLthIB/tMMbD0JE7DA0dM="></latexit>

am⇤ = 0.77; tm⇤ = 10.2 Gyr
<latexit sha1_base64="DCvU4nVqrTG64leV6b4YFE9VeWo=">AAACHXicbVDLSsNAFJ3UV42vqEs3g0VwFZJSqCBC0YUuXFSwD2hCmEyn7dCZJMxMhBDqh7jxV9y4UMSFG/FvnD4WtvXAwOGce7hzT5gwKpXj/BiFldW19Y3iprm1vbO7Z+0fNGWcCkwaOGaxaIdIEkYj0lBUMdJOBEE8ZKQVDq/GfuuBCEnj6F5lCfE56ke0RzFSWgqsCgpy7t3qQBeN4AV07Gr1HJpqXnUduwwfc09weJ2JUWCVHNuZAC4Td0ZKYIZ6YH153RinnEQKMyRlx3US5edIKIoZGZleKkmC8BD1SUfTCHEi/Xxy3QieaKULe7HQL1Jwov5N5IhLmfFQT3KkBnLRG4v/eZ1U9c78nEZJqkiEp4t6KYMqhuOqYJcKghXLNEFYUP1XiAdIIKx0oaYuwV08eZk0y7Yuz72rlGqXszqK4Agcg1PggiqogRtQBw2AwRN4AW/g3Xg2Xo0P43M6WjBmmUMwB+P7F/Zxn1k=</latexit><latexit sha1_base64="DCvU4nVqrTG64leV6b4YFE9VeWo=">AAACHXicbVDLSsNAFJ3UV42vqEs3g0VwFZJSqCBC0YUuXFSwD2hCmEyn7dCZJMxMhBDqh7jxV9y4UMSFG/FvnD4WtvXAwOGce7hzT5gwKpXj/BiFldW19Y3iprm1vbO7Z+0fNGWcCkwaOGaxaIdIEkYj0lBUMdJOBEE8ZKQVDq/GfuuBCEnj6F5lCfE56ke0RzFSWgqsCgpy7t3qQBeN4AV07Gr1HJpqXnUduwwfc09weJ2JUWCVHNuZAC4Td0ZKYIZ6YH153RinnEQKMyRlx3US5edIKIoZGZleKkmC8BD1SUfTCHEi/Xxy3QieaKULe7HQL1Jwov5N5IhLmfFQT3KkBnLRG4v/eZ1U9c78nEZJqkiEp4t6KYMqhuOqYJcKghXLNEFYUP1XiAdIIKx0oaYuwV08eZk0y7Yuz72rlGqXszqK4Agcg1PggiqogRtQBw2AwRN4AW/g3Xg2Xo0P43M6WjBmmUMwB+P7F/Zxn1k=</latexit><latexit sha1_base64="DCvU4nVqrTG64leV6b4YFE9VeWo=">AAACHXicbVDLSsNAFJ3UV42vqEs3g0VwFZJSqCBC0YUuXFSwD2hCmEyn7dCZJMxMhBDqh7jxV9y4UMSFG/FvnD4WtvXAwOGce7hzT5gwKpXj/BiFldW19Y3iprm1vbO7Z+0fNGWcCkwaOGaxaIdIEkYj0lBUMdJOBEE8ZKQVDq/GfuuBCEnj6F5lCfE56ke0RzFSWgqsCgpy7t3qQBeN4AV07Gr1HJpqXnUduwwfc09weJ2JUWCVHNuZAC4Td0ZKYIZ6YH153RinnEQKMyRlx3US5edIKIoZGZleKkmC8BD1SUfTCHEi/Xxy3QieaKULe7HQL1Jwov5N5IhLmfFQT3KkBnLRG4v/eZ1U9c78nEZJqkiEp4t6KYMqhuOqYJcKghXLNEFYUP1XiAdIIKx0oaYuwV08eZk0y7Yuz72rlGqXszqK4Agcg1PggiqogRtQBw2AwRN4AW/g3Xg2Xo0P43M6WjBmmUMwB+P7F/Zxn1k=</latexit><latexit sha1_base64="DCvU4nVqrTG64leV6b4YFE9VeWo=">AAACHXicbVDLSsNAFJ3UV42vqEs3g0VwFZJSqCBC0YUuXFSwD2hCmEyn7dCZJMxMhBDqh7jxV9y4UMSFG/FvnD4WtvXAwOGce7hzT5gwKpXj/BiFldW19Y3iprm1vbO7Z+0fNGWcCkwaOGaxaIdIEkYj0lBUMdJOBEE8ZKQVDq/GfuuBCEnj6F5lCfE56ke0RzFSWgqsCgpy7t3qQBeN4AV07Gr1HJpqXnUduwwfc09weJ2JUWCVHNuZAC4Td0ZKYIZ6YH153RinnEQKMyRlx3US5edIKIoZGZleKkmC8BD1SUfTCHEi/Xxy3QieaKULe7HQL1Jwov5N5IhLmfFQT3KkBnLRG4v/eZ1U9c78nEZJqkiEp4t6KYMqhuOqYJcKghXLNEFYUP1XiAdIIKx0oaYuwV08eZk0y7Yuz72rlGqXszqK4Agcg1PggiqogRtQBw2AwRN4AW/g3Xg2Xo0P43M6WjBmmUMwB+P7F/Zxn1k=</latexit>

a0 = 1; t0 = 13.7 Gyr
<latexit sha1_base64="BuvB2P0CoNGrn+9eBp73zaaKpnE=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4GmZUqCBC0YUuK9gHtEPJpJk2NMkMSUYYhnHvxl9x40IRt36AO//GtB1BWw8EDuecy809fsSo0o7zZRUWFpeWV4qrpbX1jc2t8vZOU4WxxKSBQxbKto8UYVSQhqaakXYkCeI+Iy1/dDn2W3dEKhqKW51ExONoIGhAMdJG6pUrqJc6GTyH7hks6R9+bFfhfdqVHF4lMjMpx3YmgPPEzUkF5Kj3yp/dfohjToTGDCnVcZ1IeymSmmJGslI3ViRCeIQGpGOoQJwoL50ck8EDo/RhEErzhIYT9fdEirhSCfdNkiM9VLPeWPzP68Q6OPVSKqJYE4Gni4KYQR3CcTOwTyXBmiWGICyp+SvEQyQR1qa/kinBnT15njSPbNex3ZuTSu0ir6MI9sA+OAQuqIIauAZ10AAYPIAn8AJerUfr2Xqz3qfRgpXP7II/sD6+AfSEmGg=</latexit><latexit sha1_base64="BuvB2P0CoNGrn+9eBp73zaaKpnE=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4GmZUqCBC0YUuK9gHtEPJpJk2NMkMSUYYhnHvxl9x40IRt36AO//GtB1BWw8EDuecy809fsSo0o7zZRUWFpeWV4qrpbX1jc2t8vZOU4WxxKSBQxbKto8UYVSQhqaakXYkCeI+Iy1/dDn2W3dEKhqKW51ExONoIGhAMdJG6pUrqJc6GTyH7hks6R9+bFfhfdqVHF4lMjMpx3YmgPPEzUkF5Kj3yp/dfohjToTGDCnVcZ1IeymSmmJGslI3ViRCeIQGpGOoQJwoL50ck8EDo/RhEErzhIYT9fdEirhSCfdNkiM9VLPeWPzP68Q6OPVSKqJYE4Gni4KYQR3CcTOwTyXBmiWGICyp+SvEQyQR1qa/kinBnT15njSPbNex3ZuTSu0ir6MI9sA+OAQuqIIauAZ10AAYPIAn8AJerUfr2Xqz3qfRgpXP7II/sD6+AfSEmGg=</latexit><latexit sha1_base64="BuvB2P0CoNGrn+9eBp73zaaKpnE=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4GmZUqCBC0YUuK9gHtEPJpJk2NMkMSUYYhnHvxl9x40IRt36AO//GtB1BWw8EDuecy809fsSo0o7zZRUWFpeWV4qrpbX1jc2t8vZOU4WxxKSBQxbKto8UYVSQhqaakXYkCeI+Iy1/dDn2W3dEKhqKW51ExONoIGhAMdJG6pUrqJc6GTyH7hks6R9+bFfhfdqVHF4lMjMpx3YmgPPEzUkF5Kj3yp/dfohjToTGDCnVcZ1IeymSmmJGslI3ViRCeIQGpGOoQJwoL50ck8EDo/RhEErzhIYT9fdEirhSCfdNkiM9VLPeWPzP68Q6OPVSKqJYE4Gni4KYQR3CcTOwTyXBmiWGICyp+SvEQyQR1qa/kinBnT15njSPbNex3ZuTSu0ir6MI9sA+OAQuqIIauAZ10AAYPIAn8AJerUfr2Xqz3qfRgpXP7II/sD6+AfSEmGg=</latexit><latexit sha1_base64="BuvB2P0CoNGrn+9eBp73zaaKpnE=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4GmZUqCBC0YUuK9gHtEPJpJk2NMkMSUYYhnHvxl9x40IRt36AO//GtB1BWw8EDuecy809fsSo0o7zZRUWFpeWV4qrpbX1jc2t8vZOU4WxxKSBQxbKto8UYVSQhqaakXYkCeI+Iy1/dDn2W3dEKhqKW51ExONoIGhAMdJG6pUrqJc6GTyH7hks6R9+bFfhfdqVHF4lMjMpx3YmgPPEzUkF5Kj3yp/dfohjToTGDCnVcZ1IeymSmmJGslI3ViRCeIQGpGOoQJwoL50ck8EDo/RhEErzhIYT9fdEirhSCfdNkiM9VLPeWPzP68Q6OPVSKqJYE4Gni4KYQR3CcTOwTyXBmiWGICyp+SvEQyQR1qa/kinBnT15njSPbNex3ZuTSu0ir6MI9sA+OAQuqIIauAZ10AAYPIAn8AJerUfr2Xqz3qfRgpXP7II/sD6+AfSEmGg=</latexit>

Benchmark Model:

LEMBRANDO...
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LEMBRANDO...
10.0 Introdução

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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Diagrama de Minkowski 
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13

Horizontes
10.0 Introdução

D. Baumann (Cosmology, Part III Mathematical Tripos)  
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Redshift
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Λ

dH(t0) ⌘ c/H0
<latexit sha1_base64="sgSZXJXqEKFlgTjnd8G0ivirh2s=">AAAB/nicbVDLSgNBEOz1GeNrVTx5GQxCvMRZEfQY9JJjBPOAZFlmZyfJkNmHM7OBsAT8FS8eFPHqd3jzb5wke9DEgoaiqpvuLj8RXGmMv62V1bX1jc3CVnF7Z3dv3z44bKo4lZQ1aCxi2faJYoJHrKG5FqydSEZCX7CWP7yb+q0Rk4rH0YMeJ8wNST/iPU6JNpJnHwderaw9fI667DHlI0Qvah727BKu4BnQMnFyUoIcdc/+6gYxTUMWaSqIUh0HJ9rNiNScCjYpdlPFEkKHpM86hkYkZMrNZudP0JlRAtSLpalIo5n6eyIjoVLj0DedIdEDtehNxf+8Tqp7N27GoyTVLKLzRb1UIB2jaRYo4JJRLcaGECq5uRXRAZGEapNY0YTgLL68TJqXFQdXnPurUvU2j6MAJ3AKZXDgGqpQgzo0gEIGz/AKb9aT9WK9Wx/z1hUrnzmCP7A+fwC+fJQL</latexit><latexit sha1_base64="sgSZXJXqEKFlgTjnd8G0ivirh2s=">AAAB/nicbVDLSgNBEOz1GeNrVTx5GQxCvMRZEfQY9JJjBPOAZFlmZyfJkNmHM7OBsAT8FS8eFPHqd3jzb5wke9DEgoaiqpvuLj8RXGmMv62V1bX1jc3CVnF7Z3dv3z44bKo4lZQ1aCxi2faJYoJHrKG5FqydSEZCX7CWP7yb+q0Rk4rH0YMeJ8wNST/iPU6JNpJnHwderaw9fI667DHlI0Qvah727BKu4BnQMnFyUoIcdc/+6gYxTUMWaSqIUh0HJ9rNiNScCjYpdlPFEkKHpM86hkYkZMrNZudP0JlRAtSLpalIo5n6eyIjoVLj0DedIdEDtehNxf+8Tqp7N27GoyTVLKLzRb1UIB2jaRYo4JJRLcaGECq5uRXRAZGEapNY0YTgLL68TJqXFQdXnPurUvU2j6MAJ3AKZXDgGqpQgzo0gEIGz/AKb9aT9WK9Wx/z1hUrnzmCP7A+fwC+fJQL</latexit><latexit sha1_base64="sgSZXJXqEKFlgTjnd8G0ivirh2s=">AAAB/nicbVDLSgNBEOz1GeNrVTx5GQxCvMRZEfQY9JJjBPOAZFlmZyfJkNmHM7OBsAT8FS8eFPHqd3jzb5wke9DEgoaiqpvuLj8RXGmMv62V1bX1jc3CVnF7Z3dv3z44bKo4lZQ1aCxi2faJYoJHrKG5FqydSEZCX7CWP7yb+q0Rk4rH0YMeJ8wNST/iPU6JNpJnHwderaw9fI667DHlI0Qvah727BKu4BnQMnFyUoIcdc/+6gYxTUMWaSqIUh0HJ9rNiNScCjYpdlPFEkKHpM86hkYkZMrNZudP0JlRAtSLpalIo5n6eyIjoVLj0DedIdEDtehNxf+8Tqp7N27GoyTVLKLzRb1UIB2jaRYo4JJRLcaGECq5uRXRAZGEapNY0YTgLL68TJqXFQdXnPurUvU2j6MAJ3AKZXDgGqpQgzo0gEIGz/AKb9aT9WK9Wx/z1hUrnzmCP7A+fwC+fJQL</latexit><latexit sha1_base64="sgSZXJXqEKFlgTjnd8G0ivirh2s=">AAAB/nicbVDLSgNBEOz1GeNrVTx5GQxCvMRZEfQY9JJjBPOAZFlmZyfJkNmHM7OBsAT8FS8eFPHqd3jzb5wke9DEgoaiqpvuLj8RXGmMv62V1bX1jc3CVnF7Z3dv3z44bKo4lZQ1aCxi2faJYoJHrKG5FqydSEZCX7CWP7yb+q0Rk4rH0YMeJ8wNST/iPU6JNpJnHwderaw9fI667DHlI0Qvah727BKu4BnQMnFyUoIcdc/+6gYxTUMWaSqIUh0HJ9rNiNScCjYpdlPFEkKHpM86hkYkZMrNZudP0JlRAtSLpalIo5n6eyIjoVLj0DedIdEDtehNxf+8Tqp7N27GoyTVLKLzRb1UIB2jaRYo4JJRLcaGECq5uRXRAZGEapNY0YTgLL68TJqXFQdXnPurUvU2j6MAJ3AKZXDgGqpQgzo0gEIGz/AKb9aT9WK9Wx/z1hUrnzmCP7A+fwC+fJQL</latexit>

v = c
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v = c

dH(t) ⌘ c/H(t)
<latexit sha1_base64="pjAuutEeoMbGY7LezyQOmghVYjs=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3dREBF0W3XRZwT6gDWEyuWmHTh7OTAo1FH/FjQtF3Pof7vwbp20W2nrgwplz7mXuPV7CmVSW9W0UVlbX1jeKm6Wt7Z3dPXP/oCXjVFBo0pjHouMRCZxF0FRMcegkAkjocWh7w9up3x6BkCyO7tU4ASck/YgFjBKlJdc88t16RZ3hHjykbITp+fTlmmWras2Al4mdkzLK0XDNr54f0zSESFFOpOzaVqKcjAjFKIdJqZdKSAgdkj50NY1ICNLJZttP8KlWfBzEQlek8Ez9PZGRUMpx6OnOkKiBXPSm4n9eN1XBtZOxKEkVRHT+UZByrGI8jQL7TABVfKwJoYLpXTEdEEGo0oGVdAj24snLpHVRta2qfXdZrt3kcRTRMTpBFWSjK1RDddRATUTRI3pGr+jNeDJejHfjY95aMPKZQ/QHxucPDMWTqA==</latexit><latexit sha1_base64="pjAuutEeoMbGY7LezyQOmghVYjs=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3dREBF0W3XRZwT6gDWEyuWmHTh7OTAo1FH/FjQtF3Pof7vwbp20W2nrgwplz7mXuPV7CmVSW9W0UVlbX1jeKm6Wt7Z3dPXP/oCXjVFBo0pjHouMRCZxF0FRMcegkAkjocWh7w9up3x6BkCyO7tU4ASck/YgFjBKlJdc88t16RZ3hHjykbITp+fTlmmWras2Al4mdkzLK0XDNr54f0zSESFFOpOzaVqKcjAjFKIdJqZdKSAgdkj50NY1ICNLJZttP8KlWfBzEQlek8Ez9PZGRUMpx6OnOkKiBXPSm4n9eN1XBtZOxKEkVRHT+UZByrGI8jQL7TABVfKwJoYLpXTEdEEGo0oGVdAj24snLpHVRta2qfXdZrt3kcRTRMTpBFWSjK1RDddRATUTRI3pGr+jNeDJejHfjY95aMPKZQ/QHxucPDMWTqA==</latexit><latexit sha1_base64="pjAuutEeoMbGY7LezyQOmghVYjs=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3dREBF0W3XRZwT6gDWEyuWmHTh7OTAo1FH/FjQtF3Pof7vwbp20W2nrgwplz7mXuPV7CmVSW9W0UVlbX1jeKm6Wt7Z3dPXP/oCXjVFBo0pjHouMRCZxF0FRMcegkAkjocWh7w9up3x6BkCyO7tU4ASck/YgFjBKlJdc88t16RZ3hHjykbITp+fTlmmWras2Al4mdkzLK0XDNr54f0zSESFFOpOzaVqKcjAjFKIdJqZdKSAgdkj50NY1ICNLJZttP8KlWfBzEQlek8Ez9PZGRUMpx6OnOkKiBXPSm4n9eN1XBtZOxKEkVRHT+UZByrGI8jQL7TABVfKwJoYLpXTEdEEGo0oGVdAj24snLpHVRta2qfXdZrt3kcRTRMTpBFWSjK1RDddRATUTRI3pGr+jNeDJejHfjY95aMPKZQ/QHxucPDMWTqA==</latexit><latexit sha1_base64="pjAuutEeoMbGY7LezyQOmghVYjs=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3dREBF0W3XRZwT6gDWEyuWmHTh7OTAo1FH/FjQtF3Pof7vwbp20W2nrgwplz7mXuPV7CmVSW9W0UVlbX1jeKm6Wt7Z3dPXP/oCXjVFBo0pjHouMRCZxF0FRMcegkAkjocWh7w9up3x6BkCyO7tU4ASck/YgFjBKlJdc88t16RZ3hHjykbITp+fTlmmWras2Al4mdkzLK0XDNr54f0zSESFFOpOzaVqKcjAjFKIdJqZdKSAgdkj50NY1ICNLJZttP8KlWfBzEQlek8Ez9PZGRUMpx6OnOkKiBXPSm4n9eN1XBtZOxKEkVRHT+UZByrGI8jQL7TABVfKwJoYLpXTEdEEGo0oGVdAj24snLpHVRta2qfXdZrt3kcRTRMTpBFWSjK1RDddRATUTRI3pGr+jNeDJejHfjY95aMPKZQ/QHxucPDMWTqA==</latexit>
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1� ⌦(t) = � c2

R2
0a(t)

2H(t)2
<latexit sha1_base64="L5jJwidlQNSwW9VujRK/T93y+G8="></latexit><latexit sha1_base64="L5jJwidlQNSwW9VujRK/T93y+G8="></latexit><latexit sha1_base64="L5jJwidlQNSwW9VujRK/T93y+G8="></latexit><latexit sha1_base64="L5jJwidlQNSwW9VujRK/T93y+G8="></latexit>

Eq. de Fridmann

1� ⌦0 = � c2

R2
0H

2
0

<latexit sha1_base64="yBgBxMOx/rfFXzfAQX+3pSgIdqo=">AAACGnicbVDLSgMxFM34rPVVdenmYhHctMwUQTdC0U13VrEP6NThTpq2oZkHSUYoQ7/Djb/ixoUi7sSNf2P6WGjrgYTDOfeQ3OPHgitt29/W0vLK6tp6ZiO7ubW9s5vb26+rKJGU1WgkItn0UTHBQ1bTXAvWjCXDwBes4Q+uxn7jgUnFo/BOD2PWDrAX8i6nqI3k5RwHCuBeB6yHng0XAIVs6g4wjhHofQncyITh1rMNr4zvEXi5vF20J4BF4sxInsxQ9XKfbieiScBCTQUq1XLsWLdTlJpTwUZZN1EsRjrAHmsZGmLAVDudrDaCY6N0oBtJc0INE/V3IsVAqWHgm8kAdV/Ne2PxP6+V6O55O+VhnGgW0ulD3USAjmDcE3S4ZFSLoSFIJTd/BdpHiVSbNrOmBGd+5UVSLxUdu+jcnObLl7M6MuSQHJET4pAzUiYVUiU1QskjeSav5M16sl6sd+tjOrpkzTIH5A+srx9lYpy/</latexit><latexit sha1_base64="yBgBxMOx/rfFXzfAQX+3pSgIdqo=">AAACGnicbVDLSgMxFM34rPVVdenmYhHctMwUQTdC0U13VrEP6NThTpq2oZkHSUYoQ7/Djb/ixoUi7sSNf2P6WGjrgYTDOfeQ3OPHgitt29/W0vLK6tp6ZiO7ubW9s5vb26+rKJGU1WgkItn0UTHBQ1bTXAvWjCXDwBes4Q+uxn7jgUnFo/BOD2PWDrAX8i6nqI3k5RwHCuBeB6yHng0XAIVs6g4wjhHofQncyITh1rMNr4zvEXi5vF20J4BF4sxInsxQ9XKfbieiScBCTQUq1XLsWLdTlJpTwUZZN1EsRjrAHmsZGmLAVDudrDaCY6N0oBtJc0INE/V3IsVAqWHgm8kAdV/Ne2PxP6+V6O55O+VhnGgW0ulD3USAjmDcE3S4ZFSLoSFIJTd/BdpHiVSbNrOmBGd+5UVSLxUdu+jcnObLl7M6MuSQHJET4pAzUiYVUiU1QskjeSav5M16sl6sd+tjOrpkzTIH5A+srx9lYpy/</latexit><latexit sha1_base64="yBgBxMOx/rfFXzfAQX+3pSgIdqo=">AAACGnicbVDLSgMxFM34rPVVdenmYhHctMwUQTdC0U13VrEP6NThTpq2oZkHSUYoQ7/Djb/ixoUi7sSNf2P6WGjrgYTDOfeQ3OPHgitt29/W0vLK6tp6ZiO7ubW9s5vb26+rKJGU1WgkItn0UTHBQ1bTXAvWjCXDwBes4Q+uxn7jgUnFo/BOD2PWDrAX8i6nqI3k5RwHCuBeB6yHng0XAIVs6g4wjhHofQncyITh1rMNr4zvEXi5vF20J4BF4sxInsxQ9XKfbieiScBCTQUq1XLsWLdTlJpTwUZZN1EsRjrAHmsZGmLAVDudrDaCY6N0oBtJc0INE/V3IsVAqWHgm8kAdV/Ne2PxP6+V6O55O+VhnGgW0ulD3USAjmDcE3S4ZFSLoSFIJTd/BdpHiVSbNrOmBGd+5UVSLxUdu+jcnObLl7M6MuSQHJET4pAzUiYVUiU1QskjeSav5M16sl6sd+tjOrpkzTIH5A+srx9lYpy/</latexit><latexit sha1_base64="yBgBxMOx/rfFXzfAQX+3pSgIdqo=">AAACGnicbVDLSgMxFM34rPVVdenmYhHctMwUQTdC0U13VrEP6NThTpq2oZkHSUYoQ7/Djb/ixoUi7sSNf2P6WGjrgYTDOfeQ3OPHgitt29/W0vLK6tp6ZiO7ubW9s5vb26+rKJGU1WgkItn0UTHBQ1bTXAvWjCXDwBes4Q+uxn7jgUnFo/BOD2PWDrAX8i6nqI3k5RwHCuBeB6yHng0XAIVs6g4wjhHofQncyITh1rMNr4zvEXi5vF20J4BF4sxInsxQ9XKfbieiScBCTQUq1XLsWLdTlJpTwUZZN1EsRjrAHmsZGmLAVDudrDaCY6N0oBtJc0INE/V3IsVAqWHgm8kAdV/Ne2PxP6+V6O55O+VhnGgW0ulD3USAjmDcE3S4ZFSLoSFIJTd/BdpHiVSbNrOmBGd+5UVSLxUdu+jcnObLl7M6MuSQHJET4pAzUiYVUiU1QskjeSav5M16sl6sd+tjOrpkzTIH5A+srx9lYpy/</latexit>

hoje (a=1)

|1� ⌦0|  0.005
<latexit sha1_base64="dvyMdRbCTVPxcOATSHOQzRIkUpo=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBjSURRZdFN+6sYB/QhDCZ3rRDJw9nJkJpC278FTcuFHHrT7jzb5y0WWjrgcs9nHMvM/f4CWdSWda3UVhYXFpeKa6W1tY3NrfM7Z2GjFNBoU5jHouWTyRwFkFdMcWhlQggoc+h6fevMr/5AEKyOLpTgwTckHQjFjBKlJY8c29k42Ps3ITQJZ6FR9jhcI+timWdeWY56xnwPLFzUkY5ap755XRimoYQKcqJlG3bSpQ7JEIxymFcclIJCaF90oW2phEJQbrDyQ1jfKiVDg5ioStSeKL+3hiSUMpB6OvJkKienPUy8T+vnargwh2yKEkVRHT6UJByrGKcBYI7TABVfKAJoYLpv2LaI4JQpWMr6RDs2ZPnSeOkYlsV+/a0XL3M4yiifXSAjpCNzlEVXaMaqiOKHtEzekVvxpPxYrwbH9PRgpHv7KI/MD5/AMyelQo=</latexit><latexit sha1_base64="dvyMdRbCTVPxcOATSHOQzRIkUpo=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBjSURRZdFN+6sYB/QhDCZ3rRDJw9nJkJpC278FTcuFHHrT7jzb5y0WWjrgcs9nHMvM/f4CWdSWda3UVhYXFpeKa6W1tY3NrfM7Z2GjFNBoU5jHouWTyRwFkFdMcWhlQggoc+h6fevMr/5AEKyOLpTgwTckHQjFjBKlJY8c29k42Ps3ITQJZ6FR9jhcI+timWdeWY56xnwPLFzUkY5ap755XRimoYQKcqJlG3bSpQ7JEIxymFcclIJCaF90oW2phEJQbrDyQ1jfKiVDg5ioStSeKL+3hiSUMpB6OvJkKienPUy8T+vnargwh2yKEkVRHT6UJByrGKcBYI7TABVfKAJoYLpv2LaI4JQpWMr6RDs2ZPnSeOkYlsV+/a0XL3M4yiifXSAjpCNzlEVXaMaqiOKHtEzekVvxpPxYrwbH9PRgpHv7KI/MD5/AMyelQo=</latexit><latexit sha1_base64="dvyMdRbCTVPxcOATSHOQzRIkUpo=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBjSURRZdFN+6sYB/QhDCZ3rRDJw9nJkJpC278FTcuFHHrT7jzb5y0WWjrgcs9nHMvM/f4CWdSWda3UVhYXFpeKa6W1tY3NrfM7Z2GjFNBoU5jHouWTyRwFkFdMcWhlQggoc+h6fevMr/5AEKyOLpTgwTckHQjFjBKlJY8c29k42Ps3ITQJZ6FR9jhcI+timWdeWY56xnwPLFzUkY5ap755XRimoYQKcqJlG3bSpQ7JEIxymFcclIJCaF90oW2phEJQbrDyQ1jfKiVDg5ioStSeKL+3hiSUMpB6OvJkKienPUy8T+vnargwh2yKEkVRHT6UJByrGKcBYI7TABVfKAJoYLpv2LaI4JQpWMr6RDs2ZPnSeOkYlsV+/a0XL3M4yiifXSAjpCNzlEVXaMaqiOKHtEzekVvxpPxYrwbH9PRgpHv7KI/MD5/AMyelQo=</latexit><latexit sha1_base64="dvyMdRbCTVPxcOATSHOQzRIkUpo=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBjSURRZdFN+6sYB/QhDCZ3rRDJw9nJkJpC278FTcuFHHrT7jzb5y0WWjrgcs9nHMvM/f4CWdSWda3UVhYXFpeKa6W1tY3NrfM7Z2GjFNBoU5jHouWTyRwFkFdMcWhlQggoc+h6fevMr/5AEKyOLpTgwTckHQjFjBKlJY8c29k42Ps3ITQJZ6FR9jhcI+timWdeWY56xnwPLFzUkY5ap755XRimoYQKcqJlG3bSpQ7JEIxymFcclIJCaF90oW2phEJQbrDyQ1jfKiVDg5ioStSeKL+3hiSUMpB6OvJkKienPUy8T+vnargwh2yKEkVRHT6UJByrGKcBYI7TABVfKAJoYLpv2LaI4JQpWMr6RDs2ZPnSeOkYlsV+/a0XL3M4yiifXSAjpCNzlEVXaMaqiOKHtEzekVvxpPxYrwbH9PRgpHv7KI/MD5/AMyelQo=</latexit>

CMBR e SNIa ) R0 � 14c

H0
<latexit sha1_base64="C9MsBabJO2blfT4L8Un1SsrkgrE=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVDmoEowVLB1LRR9SU0WO66RWnTjYDqiK+gUs/AoLAwixMrPxN7htBmg5kqWjc+7R9T1+wpnSCH1bhbX1jc2t4nZpZ3dv/8A+POookUpC20RwIXs+VpSzmLY105z2Eklx5HPa9cfXM797T6ViIr7Vk4QOIhzGLGAEayN5dsVtsXCksZTiAbY8BN2Q3sHMqUECXWGSsOGhqWeXURXNAVeJk5MyyNH07C93KEga0VgTjpXqOyjRgwxLzQin05KbKppgMsYh7Rsa44iqQTY/ZworRhnCQEjzYg3n6u9EhiOlJpFvJiOsR2rZm4n/ef1UB5eDjMVJqmlMFouClEMt4KwbOGSSEs0nhmAimfkrJCMsMdGmwZIpwVk+eZV0zqsOqjo3tXL9Kq+jCE7AKTgDDrgAddAATdAGBDyCZ/AK3qwn68V6tz4WowUrzxyDP7A+fwCgtpqL</latexit><latexit sha1_base64="C9MsBabJO2blfT4L8Un1SsrkgrE=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVDmoEowVLB1LRR9SU0WO66RWnTjYDqiK+gUs/AoLAwixMrPxN7htBmg5kqWjc+7R9T1+wpnSCH1bhbX1jc2t4nZpZ3dv/8A+POookUpC20RwIXs+VpSzmLY105z2Eklx5HPa9cfXM797T6ViIr7Vk4QOIhzGLGAEayN5dsVtsXCksZTiAbY8BN2Q3sHMqUECXWGSsOGhqWeXURXNAVeJk5MyyNH07C93KEga0VgTjpXqOyjRgwxLzQin05KbKppgMsYh7Rsa44iqQTY/ZworRhnCQEjzYg3n6u9EhiOlJpFvJiOsR2rZm4n/ef1UB5eDjMVJqmlMFouClEMt4KwbOGSSEs0nhmAimfkrJCMsMdGmwZIpwVk+eZV0zqsOqjo3tXL9Kq+jCE7AKTgDDrgAddAATdAGBDyCZ/AK3qwn68V6tz4WowUrzxyDP7A+fwCgtpqL</latexit><latexit sha1_base64="C9MsBabJO2blfT4L8Un1SsrkgrE=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVDmoEowVLB1LRR9SU0WO66RWnTjYDqiK+gUs/AoLAwixMrPxN7htBmg5kqWjc+7R9T1+wpnSCH1bhbX1jc2t4nZpZ3dv/8A+POookUpC20RwIXs+VpSzmLY105z2Eklx5HPa9cfXM797T6ViIr7Vk4QOIhzGLGAEayN5dsVtsXCksZTiAbY8BN2Q3sHMqUECXWGSsOGhqWeXURXNAVeJk5MyyNH07C93KEga0VgTjpXqOyjRgwxLzQin05KbKppgMsYh7Rsa44iqQTY/ZworRhnCQEjzYg3n6u9EhiOlJpFvJiOsR2rZm4n/ef1UB5eDjMVJqmlMFouClEMt4KwbOGSSEs0nhmAimfkrJCMsMdGmwZIpwVk+eZV0zqsOqjo3tXL9Kq+jCE7AKTgDDrgAddAATdAGBDyCZ/AK3qwn68V6tz4WowUrzxyDP7A+fwCgtpqL</latexit><latexit sha1_base64="C9MsBabJO2blfT4L8Un1SsrkgrE=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVDmoEowVLB1LRR9SU0WO66RWnTjYDqiK+gUs/AoLAwixMrPxN7htBmg5kqWjc+7R9T1+wpnSCH1bhbX1jc2t4nZpZ3dv/8A+POookUpC20RwIXs+VpSzmLY105z2Eklx5HPa9cfXM797T6ViIr7Vk4QOIhzGLGAEayN5dsVtsXCksZTiAbY8BN2Q3sHMqUECXWGSsOGhqWeXURXNAVeJk5MyyNH07C93KEga0VgTjpXqOyjRgwxLzQin05KbKppgMsYh7Rsa44iqQTY/ZworRhnCQEjzYg3n6u9EhiOlJpFvJiOsR2rZm4n/ef1UB5eDjMVJqmlMFouClEMt4KwbOGSSEs0nhmAimfkrJCMsMdGmwZIpwVk+eZV0zqsOqjo3tXL9Kq+jCE7AKTgDDrgAddAATdAGBDyCZ/AK3qwn68V6tz4WowUrzxyDP7A+fwCgtpqL</latexit>

Por que ⌦0 ⇡ 1 ?

<latexit sha1_base64="6dr+7yncamOhIsbPC3Yt/8Z16HM=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpkRQXcW3bizgn1Ap5RMetuGJpMxyYhlaP/Bjb/ixoUibl24829Mp11o64HA4ZxzubkniDjTxnW/nczC4tLySnY1t7a+sbmV396pahkrChUquVT1gGjgLISKYYZDPVJARMChFvQvx37tHpRmMrw1gwiagnRD1mGUGCu18keJrwQuSzW6i2E0GmL/WkCXtFzskyhS8gF7eJRmzoetfMEtuinwPPGmpICmKLfyX35b0lhAaCgnWjc8NzLNhCjDKIdhzo81RIT2SRcaloZEgG4m6VFDfGCVNu5IZV9ocKr+nkiI0HogApsUxPT0rDcW//MasemcNRMWRrGBkE4WdWKOjcTjhnCbKaCGDywhVDH7V0x7RBFqbI85W4I3e/I8qR4XPbfo3ZwUShfTOrJoD+2jQ+ShU1RCV6iMKoiiR/SMXtGb8+S8OO/OxySacaYzu+gPnM8fFueeLQ==</latexit><latexit sha1_base64="6dr+7yncamOhIsbPC3Yt/8Z16HM=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpkRQXcW3bizgn1Ap5RMetuGJpMxyYhlaP/Bjb/ixoUibl24829Mp11o64HA4ZxzubkniDjTxnW/nczC4tLySnY1t7a+sbmV396pahkrChUquVT1gGjgLISKYYZDPVJARMChFvQvx37tHpRmMrw1gwiagnRD1mGUGCu18keJrwQuSzW6i2E0GmL/WkCXtFzskyhS8gF7eJRmzoetfMEtuinwPPGmpICmKLfyX35b0lhAaCgnWjc8NzLNhCjDKIdhzo81RIT2SRcaloZEgG4m6VFDfGCVNu5IZV9ocKr+nkiI0HogApsUxPT0rDcW//MasemcNRMWRrGBkE4WdWKOjcTjhnCbKaCGDywhVDH7V0x7RBFqbI85W4I3e/I8qR4XPbfo3ZwUShfTOrJoD+2jQ+ShU1RCV6iMKoiiR/SMXtGb8+S8OO/OxySacaYzu+gPnM8fFueeLQ==</latexit><latexit sha1_base64="6dr+7yncamOhIsbPC3Yt/8Z16HM=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpkRQXcW3bizgn1Ap5RMetuGJpMxyYhlaP/Bjb/ixoUibl24829Mp11o64HA4ZxzubkniDjTxnW/nczC4tLySnY1t7a+sbmV396pahkrChUquVT1gGjgLISKYYZDPVJARMChFvQvx37tHpRmMrw1gwiagnRD1mGUGCu18keJrwQuSzW6i2E0GmL/WkCXtFzskyhS8gF7eJRmzoetfMEtuinwPPGmpICmKLfyX35b0lhAaCgnWjc8NzLNhCjDKIdhzo81RIT2SRcaloZEgG4m6VFDfGCVNu5IZV9ocKr+nkiI0HogApsUxPT0rDcW//MasemcNRMWRrGBkE4WdWKOjcTjhnCbKaCGDywhVDH7V0x7RBFqbI85W4I3e/I8qR4XPbfo3ZwUShfTOrJoD+2jQ+ShU1RCV6iMKoiiR/SMXtGb8+S8OO/OxySacaYzu+gPnM8fFueeLQ==</latexit><latexit sha1_base64="6dr+7yncamOhIsbPC3Yt/8Z16HM=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpkRQXcW3bizgn1Ap5RMetuGJpMxyYhlaP/Bjb/ixoUibl24829Mp11o64HA4ZxzubkniDjTxnW/nczC4tLySnY1t7a+sbmV396pahkrChUquVT1gGjgLISKYYZDPVJARMChFvQvx37tHpRmMrw1gwiagnRD1mGUGCu18keJrwQuSzW6i2E0GmL/WkCXtFzskyhS8gF7eJRmzoetfMEtuinwPPGmpICmKLfyX35b0lhAaCgnWjc8NzLNhCjDKIdhzo81RIT2SRcaloZEgG4m6VFDfGCVNu5IZV9ocKr+nkiI0HogApsUxPT0rDcW//MasemcNRMWRrGBkE4WdWKOjcTjhnCbKaCGDywhVDH7V0x7RBFqbI85W4I3e/I8qR4XPbfo3ZwUShfTOrJoD+2jQ+ShU1RCV6iMKoiiR/SMXtGb8+S8OO/OxySacaYzu+gPnM8fFueeLQ==</latexit>

(1)

(2)
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Por que ⌦0 ⇡ 1 ?

<latexit sha1_base64="6dr+7yncamOhIsbPC3Yt/8Z16HM=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpkRQXcW3bizgn1Ap5RMetuGJpMxyYhlaP/Bjb/ixoUibl24829Mp11o64HA4ZxzubkniDjTxnW/nczC4tLySnY1t7a+sbmV396pahkrChUquVT1gGjgLISKYYZDPVJARMChFvQvx37tHpRmMrw1gwiagnRD1mGUGCu18keJrwQuSzW6i2E0GmL/WkCXtFzskyhS8gF7eJRmzoetfMEtuinwPPGmpICmKLfyX35b0lhAaCgnWjc8NzLNhCjDKIdhzo81RIT2SRcaloZEgG4m6VFDfGCVNu5IZV9ocKr+nkiI0HogApsUxPT0rDcW//MasemcNRMWRrGBkE4WdWKOjcTjhnCbKaCGDywhVDH7V0x7RBFqbI85W4I3e/I8qR4XPbfo3ZwUShfTOrJoD+2jQ+ShU1RCV6iMKoiiR/SMXtGb8+S8OO/OxySacaYzu+gPnM8fFueeLQ==</latexit><latexit sha1_base64="6dr+7yncamOhIsbPC3Yt/8Z16HM=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpkRQXcW3bizgn1Ap5RMetuGJpMxyYhlaP/Bjb/ixoUibl24829Mp11o64HA4ZxzubkniDjTxnW/nczC4tLySnY1t7a+sbmV396pahkrChUquVT1gGjgLISKYYZDPVJARMChFvQvx37tHpRmMrw1gwiagnRD1mGUGCu18keJrwQuSzW6i2E0GmL/WkCXtFzskyhS8gF7eJRmzoetfMEtuinwPPGmpICmKLfyX35b0lhAaCgnWjc8NzLNhCjDKIdhzo81RIT2SRcaloZEgG4m6VFDfGCVNu5IZV9ocKr+nkiI0HogApsUxPT0rDcW//MasemcNRMWRrGBkE4WdWKOjcTjhnCbKaCGDywhVDH7V0x7RBFqbI85W4I3e/I8qR4XPbfo3ZwUShfTOrJoD+2jQ+ShU1RCV6iMKoiiR/SMXtGb8+S8OO/OxySacaYzu+gPnM8fFueeLQ==</latexit><latexit sha1_base64="6dr+7yncamOhIsbPC3Yt/8Z16HM=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpkRQXcW3bizgn1Ap5RMetuGJpMxyYhlaP/Bjb/ixoUibl24829Mp11o64HA4ZxzubkniDjTxnW/nczC4tLySnY1t7a+sbmV396pahkrChUquVT1gGjgLISKYYZDPVJARMChFvQvx37tHpRmMrw1gwiagnRD1mGUGCu18keJrwQuSzW6i2E0GmL/WkCXtFzskyhS8gF7eJRmzoetfMEtuinwPPGmpICmKLfyX35b0lhAaCgnWjc8NzLNhCjDKIdhzo81RIT2SRcaloZEgG4m6VFDfGCVNu5IZV9ocKr+nkiI0HogApsUxPT0rDcW//MasemcNRMWRrGBkE4WdWKOjcTjhnCbKaCGDywhVDH7V0x7RBFqbI85W4I3e/I8qR4XPbfo3ZwUShfTOrJoD+2jQ+ShU1RCV6iMKoiiR/SMXtGb8+S8OO/OxySacaYzu+gPnM8fFueeLQ==</latexit><latexit sha1_base64="6dr+7yncamOhIsbPC3Yt/8Z16HM=">AAACFHicbVDLSgMxFM3UV62vqks3wSIIQpkRQXcW3bizgn1Ap5RMetuGJpMxyYhlaP/Bjb/ixoUibl24829Mp11o64HA4ZxzubkniDjTxnW/nczC4tLySnY1t7a+sbmV396pahkrChUquVT1gGjgLISKYYZDPVJARMChFvQvx37tHpRmMrw1gwiagnRD1mGUGCu18keJrwQuSzW6i2E0GmL/WkCXtFzskyhS8gF7eJRmzoetfMEtuinwPPGmpICmKLfyX35b0lhAaCgnWjc8NzLNhCjDKIdhzo81RIT2SRcaloZEgG4m6VFDfGCVNu5IZV9ocKr+nkiI0HogApsUxPT0rDcW//MasemcNRMWRrGBkE4WdWKOjcTjhnCbKaCGDywhVDH7V0x7RBFqbI85W4I3e/I8qR4XPbfo3ZwUShfTOrJoD+2jQ+ShU1RCV6iMKoiiR/SMXtGb8+S8OO/OxySacaYzu+gPnM8fFueeLQ==</latexit>

10.1 O Problema da Planicidade

Poderia ter qualquer valor sem violar nenhuma lei da física.

Coincidência? (Condições iniciais foram tais que hoje 
alcançam esse valor).

Problema: Quando extrapolamos Ω(t) para o passado, torna-
se difícil considerar uma simples coincidência.
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1� ⌦(t) = � c2

R2
0a(t)

2H(t)2
<latexit sha1_base64="L5jJwidlQNSwW9VujRK/T93y+G8="></latexit><latexit sha1_base64="L5jJwidlQNSwW9VujRK/T93y+G8="></latexit><latexit sha1_base64="L5jJwidlQNSwW9VujRK/T93y+G8="></latexit><latexit sha1_base64="L5jJwidlQNSwW9VujRK/T93y+G8="></latexit>

1� ⌦0 = � c2

R2
0H

2
0

<latexit sha1_base64="yBgBxMOx/rfFXzfAQX+3pSgIdqo=">AAACGnicbVDLSgMxFM34rPVVdenmYhHctMwUQTdC0U13VrEP6NThTpq2oZkHSUYoQ7/Djb/ixoUi7sSNf2P6WGjrgYTDOfeQ3OPHgitt29/W0vLK6tp6ZiO7ubW9s5vb26+rKJGU1WgkItn0UTHBQ1bTXAvWjCXDwBes4Q+uxn7jgUnFo/BOD2PWDrAX8i6nqI3k5RwHCuBeB6yHng0XAIVs6g4wjhHofQncyITh1rMNr4zvEXi5vF20J4BF4sxInsxQ9XKfbieiScBCTQUq1XLsWLdTlJpTwUZZN1EsRjrAHmsZGmLAVDudrDaCY6N0oBtJc0INE/V3IsVAqWHgm8kAdV/Ne2PxP6+V6O55O+VhnGgW0ulD3USAjmDcE3S4ZFSLoSFIJTd/BdpHiVSbNrOmBGd+5UVSLxUdu+jcnObLl7M6MuSQHJET4pAzUiYVUiU1QskjeSav5M16sl6sd+tjOrpkzTIH5A+srx9lYpy/</latexit><latexit sha1_base64="yBgBxMOx/rfFXzfAQX+3pSgIdqo=">AAACGnicbVDLSgMxFM34rPVVdenmYhHctMwUQTdC0U13VrEP6NThTpq2oZkHSUYoQ7/Djb/ixoUi7sSNf2P6WGjrgYTDOfeQ3OPHgitt29/W0vLK6tp6ZiO7ubW9s5vb26+rKJGU1WgkItn0UTHBQ1bTXAvWjCXDwBes4Q+uxn7jgUnFo/BOD2PWDrAX8i6nqI3k5RwHCuBeB6yHng0XAIVs6g4wjhHofQncyITh1rMNr4zvEXi5vF20J4BF4sxInsxQ9XKfbieiScBCTQUq1XLsWLdTlJpTwUZZN1EsRjrAHmsZGmLAVDudrDaCY6N0oBtJc0INE/V3IsVAqWHgm8kAdV/Ne2PxP6+V6O55O+VhnGgW0ulD3USAjmDcE3S4ZFSLoSFIJTd/BdpHiVSbNrOmBGd+5UVSLxUdu+jcnObLl7M6MuSQHJET4pAzUiYVUiU1QskjeSav5M16sl6sd+tjOrpkzTIH5A+srx9lYpy/</latexit><latexit sha1_base64="yBgBxMOx/rfFXzfAQX+3pSgIdqo=">AAACGnicbVDLSgMxFM34rPVVdenmYhHctMwUQTdC0U13VrEP6NThTpq2oZkHSUYoQ7/Djb/ixoUi7sSNf2P6WGjrgYTDOfeQ3OPHgitt29/W0vLK6tp6ZiO7ubW9s5vb26+rKJGU1WgkItn0UTHBQ1bTXAvWjCXDwBes4Q+uxn7jgUnFo/BOD2PWDrAX8i6nqI3k5RwHCuBeB6yHng0XAIVs6g4wjhHofQncyITh1rMNr4zvEXi5vF20J4BF4sxInsxQ9XKfbieiScBCTQUq1XLsWLdTlJpTwUZZN1EsRjrAHmsZGmLAVDudrDaCY6N0oBtJc0INE/V3IsVAqWHgm8kAdV/Ne2PxP6+V6O55O+VhnGgW0ulD3USAjmDcE3S4ZFSLoSFIJTd/BdpHiVSbNrOmBGd+5UVSLxUdu+jcnObLl7M6MuSQHJET4pAzUiYVUiU1QskjeSav5M16sl6sd+tjOrpkzTIH5A+srx9lYpy/</latexit><latexit sha1_base64="yBgBxMOx/rfFXzfAQX+3pSgIdqo=">AAACGnicbVDLSgMxFM34rPVVdenmYhHctMwUQTdC0U13VrEP6NThTpq2oZkHSUYoQ7/Djb/ixoUi7sSNf2P6WGjrgYTDOfeQ3OPHgitt29/W0vLK6tp6ZiO7ubW9s5vb26+rKJGU1WgkItn0UTHBQ1bTXAvWjCXDwBes4Q+uxn7jgUnFo/BOD2PWDrAX8i6nqI3k5RwHCuBeB6yHng0XAIVs6g4wjhHofQncyITh1rMNr4zvEXi5vF20J4BF4sxInsxQ9XKfbieiScBCTQUq1XLsWLdTlJpTwUZZN1EsRjrAHmsZGmLAVDudrDaCY6N0oBtJc0INE/V3IsVAqWHgm8kAdV/Ne2PxP6+V6O55O+VhnGgW0ulD3USAjmDcE3S4ZFSLoSFIJTd/BdpHiVSbNrOmBGd+5UVSLxUdu+jcnObLl7M6MuSQHJET4pAzUiYVUiU1QskjeSav5M16sl6sd+tjOrpkzTIH5A+srx9lYpy/</latexit>

(1)

(2)

10.1 O Problema da Planicidade

Expressão para Ω(t) na forma: 

1� ⌦(t) =
H2

0 (1� ⌦0)

H(t)2a(t)2
<latexit sha1_base64="aXSBacYiaivjjisWgjtFrgVb9LM=">AAACJnicbVDLSgMxFM3UVx1foy7dBIvQLiwzRdBNoeimOyvYB3TGIZNm2tDMgyQjlKFf48ZfceOiIuLOTzHTDqitB0IO59x7k3u8mFEhTfNTK6ytb2xuFbf1nd29/QPj8KgjooRj0sYRi3jPQ4IwGpK2pJKRXswJCjxGut74JvO7j4QLGoX3chITJ0DDkPoUI6kk16hb8BzatwEZorKswLqewqZrPtRg+cdwTViBdqTG6E1VpEw0v6a6a5TMqjkHXCVWTkogR8s1ZvYgwklAQokZEqJvmbF0UsQlxYxMdTsRJEZ4jIakr2iIAiKcdL7mFJ4pZQD9iKsTSjhXf3ekKBBiEniqMkByJJa9TPzP6yfSv3JSGsaJJCFePOQnDMoIZpnBAeUESzZRBGFO1V8hHiGOsFTJZiFYyyuvkk6taplV6+6i1LjO4yiCE3AKysACl6ABmqAF2gCDJ/ACZuBNe9ZetXftY1Fa0PKeY/AH2tc3/TmfXQ==</latexit><latexit sha1_base64="aXSBacYiaivjjisWgjtFrgVb9LM=">AAACJnicbVDLSgMxFM3UVx1foy7dBIvQLiwzRdBNoeimOyvYB3TGIZNm2tDMgyQjlKFf48ZfceOiIuLOTzHTDqitB0IO59x7k3u8mFEhTfNTK6ytb2xuFbf1nd29/QPj8KgjooRj0sYRi3jPQ4IwGpK2pJKRXswJCjxGut74JvO7j4QLGoX3chITJ0DDkPoUI6kk16hb8BzatwEZorKswLqewqZrPtRg+cdwTViBdqTG6E1VpEw0v6a6a5TMqjkHXCVWTkogR8s1ZvYgwklAQokZEqJvmbF0UsQlxYxMdTsRJEZ4jIakr2iIAiKcdL7mFJ4pZQD9iKsTSjhXf3ekKBBiEniqMkByJJa9TPzP6yfSv3JSGsaJJCFePOQnDMoIZpnBAeUESzZRBGFO1V8hHiGOsFTJZiFYyyuvkk6taplV6+6i1LjO4yiCE3AKysACl6ABmqAF2gCDJ/ACZuBNe9ZetXftY1Fa0PKeY/AH2tc3/TmfXQ==</latexit><latexit sha1_base64="aXSBacYiaivjjisWgjtFrgVb9LM=">AAACJnicbVDLSgMxFM3UVx1foy7dBIvQLiwzRdBNoeimOyvYB3TGIZNm2tDMgyQjlKFf48ZfceOiIuLOTzHTDqitB0IO59x7k3u8mFEhTfNTK6ytb2xuFbf1nd29/QPj8KgjooRj0sYRi3jPQ4IwGpK2pJKRXswJCjxGut74JvO7j4QLGoX3chITJ0DDkPoUI6kk16hb8BzatwEZorKswLqewqZrPtRg+cdwTViBdqTG6E1VpEw0v6a6a5TMqjkHXCVWTkogR8s1ZvYgwklAQokZEqJvmbF0UsQlxYxMdTsRJEZ4jIakr2iIAiKcdL7mFJ4pZQD9iKsTSjhXf3ekKBBiEniqMkByJJa9TPzP6yfSv3JSGsaJJCFePOQnDMoIZpnBAeUESzZRBGFO1V8hHiGOsFTJZiFYyyuvkk6taplV6+6i1LjO4yiCE3AKysACl6ABmqAF2gCDJ/ACZuBNe9ZetXftY1Fa0PKeY/AH2tc3/TmfXQ==</latexit><latexit sha1_base64="aXSBacYiaivjjisWgjtFrgVb9LM=">AAACJnicbVDLSgMxFM3UVx1foy7dBIvQLiwzRdBNoeimOyvYB3TGIZNm2tDMgyQjlKFf48ZfceOiIuLOTzHTDqitB0IO59x7k3u8mFEhTfNTK6ytb2xuFbf1nd29/QPj8KgjooRj0sYRi3jPQ4IwGpK2pJKRXswJCjxGut74JvO7j4QLGoX3chITJ0DDkPoUI6kk16hb8BzatwEZorKswLqewqZrPtRg+cdwTViBdqTG6E1VpEw0v6a6a5TMqjkHXCVWTkogR8s1ZvYgwklAQokZEqJvmbF0UsQlxYxMdTsRJEZ4jIakr2iIAiKcdL7mFJ4pZQD9iKsTSjhXf3ekKBBiEniqMkByJJa9TPzP6yfSv3JSGsaJJCFePOQnDMoIZpnBAeUESzZRBGFO1V8hHiGOsFTJZiFYyyuvkk6taplV6+6i1LjO4yiCE3AKysACl6ABmqAF2gCDJ/ACZuBNe9ZetXftY1Fa0PKeY/AH2tc3/TmfXQ==</latexit>
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1� ⌦(t) = � c2

R2
0a(t)

2H(t)2
<latexit sha1_base64="L5jJwidlQNSwW9VujRK/T93y+G8="></latexit><latexit sha1_base64="L5jJwidlQNSwW9VujRK/T93y+G8="></latexit><latexit sha1_base64="L5jJwidlQNSwW9VujRK/T93y+G8="></latexit><latexit sha1_base64="L5jJwidlQNSwW9VujRK/T93y+G8="></latexit>

1� ⌦0 = � c2

R2
0H

2
0

<latexit sha1_base64="yBgBxMOx/rfFXzfAQX+3pSgIdqo=">AAACGnicbVDLSgMxFM34rPVVdenmYhHctMwUQTdC0U13VrEP6NThTpq2oZkHSUYoQ7/Djb/ixoUi7sSNf2P6WGjrgYTDOfeQ3OPHgitt29/W0vLK6tp6ZiO7ubW9s5vb26+rKJGU1WgkItn0UTHBQ1bTXAvWjCXDwBes4Q+uxn7jgUnFo/BOD2PWDrAX8i6nqI3k5RwHCuBeB6yHng0XAIVs6g4wjhHofQncyITh1rMNr4zvEXi5vF20J4BF4sxInsxQ9XKfbieiScBCTQUq1XLsWLdTlJpTwUZZN1EsRjrAHmsZGmLAVDudrDaCY6N0oBtJc0INE/V3IsVAqWHgm8kAdV/Ne2PxP6+V6O55O+VhnGgW0ulD3USAjmDcE3S4ZFSLoSFIJTd/BdpHiVSbNrOmBGd+5UVSLxUdu+jcnObLl7M6MuSQHJET4pAzUiYVUiU1QskjeSav5M16sl6sd+tjOrpkzTIH5A+srx9lYpy/</latexit><latexit sha1_base64="yBgBxMOx/rfFXzfAQX+3pSgIdqo=">AAACGnicbVDLSgMxFM34rPVVdenmYhHctMwUQTdC0U13VrEP6NThTpq2oZkHSUYoQ7/Djb/ixoUi7sSNf2P6WGjrgYTDOfeQ3OPHgitt29/W0vLK6tp6ZiO7ubW9s5vb26+rKJGU1WgkItn0UTHBQ1bTXAvWjCXDwBes4Q+uxn7jgUnFo/BOD2PWDrAX8i6nqI3k5RwHCuBeB6yHng0XAIVs6g4wjhHofQncyITh1rMNr4zvEXi5vF20J4BF4sxInsxQ9XKfbieiScBCTQUq1XLsWLdTlJpTwUZZN1EsRjrAHmsZGmLAVDudrDaCY6N0oBtJc0INE/V3IsVAqWHgm8kAdV/Ne2PxP6+V6O55O+VhnGgW0ulD3USAjmDcE3S4ZFSLoSFIJTd/BdpHiVSbNrOmBGd+5UVSLxUdu+jcnObLl7M6MuSQHJET4pAzUiYVUiU1QskjeSav5M16sl6sd+tjOrpkzTIH5A+srx9lYpy/</latexit><latexit sha1_base64="yBgBxMOx/rfFXzfAQX+3pSgIdqo=">AAACGnicbVDLSgMxFM34rPVVdenmYhHctMwUQTdC0U13VrEP6NThTpq2oZkHSUYoQ7/Djb/ixoUi7sSNf2P6WGjrgYTDOfeQ3OPHgitt29/W0vLK6tp6ZiO7ubW9s5vb26+rKJGU1WgkItn0UTHBQ1bTXAvWjCXDwBes4Q+uxn7jgUnFo/BOD2PWDrAX8i6nqI3k5RwHCuBeB6yHng0XAIVs6g4wjhHofQncyITh1rMNr4zvEXi5vF20J4BF4sxInsxQ9XKfbieiScBCTQUq1XLsWLdTlJpTwUZZN1EsRjrAHmsZGmLAVDudrDaCY6N0oBtJc0INE/V3IsVAqWHgm8kAdV/Ne2PxP6+V6O55O+VhnGgW0ulD3USAjmDcE3S4ZFSLoSFIJTd/BdpHiVSbNrOmBGd+5UVSLxUdu+jcnObLl7M6MuSQHJET4pAzUiYVUiU1QskjeSav5M16sl6sd+tjOrpkzTIH5A+srx9lYpy/</latexit><latexit sha1_base64="yBgBxMOx/rfFXzfAQX+3pSgIdqo=">AAACGnicbVDLSgMxFM34rPVVdenmYhHctMwUQTdC0U13VrEP6NThTpq2oZkHSUYoQ7/Djb/ixoUi7sSNf2P6WGjrgYTDOfeQ3OPHgitt29/W0vLK6tp6ZiO7ubW9s5vb26+rKJGU1WgkItn0UTHBQ1bTXAvWjCXDwBes4Q+uxn7jgUnFo/BOD2PWDrAX8i6nqI3k5RwHCuBeB6yHng0XAIVs6g4wjhHofQncyITh1rMNr4zvEXi5vF20J4BF4sxInsxQ9XKfbieiScBCTQUq1XLsWLdTlJpTwUZZN1EsRjrAHmsZGmLAVDudrDaCY6N0oBtJc0INE/V3IsVAqWHgm8kAdV/Ne2PxP6+V6O55O+VhnGgW0ulD3USAjmDcE3S4ZFSLoSFIJTd/BdpHiVSbNrOmBGd+5UVSLxUdu+jcnObLl7M6MuSQHJET4pAzUiYVUiU1QskjeSav5M16sl6sd+tjOrpkzTIH5A+srx9lYpy/</latexit>

(1)

(2)

10.1 O Problema da Planicidade

Expressão para Ω(t) na forma: 

1� ⌦(t) =
H2

0 (1� ⌦0)

H(t)2a(t)2
<latexit sha1_base64="aXSBacYiaivjjisWgjtFrgVb9LM=">AAACJnicbVDLSgMxFM3UVx1foy7dBIvQLiwzRdBNoeimOyvYB3TGIZNm2tDMgyQjlKFf48ZfceOiIuLOTzHTDqitB0IO59x7k3u8mFEhTfNTK6ytb2xuFbf1nd29/QPj8KgjooRj0sYRi3jPQ4IwGpK2pJKRXswJCjxGut74JvO7j4QLGoX3chITJ0DDkPoUI6kk16hb8BzatwEZorKswLqewqZrPtRg+cdwTViBdqTG6E1VpEw0v6a6a5TMqjkHXCVWTkogR8s1ZvYgwklAQokZEqJvmbF0UsQlxYxMdTsRJEZ4jIakr2iIAiKcdL7mFJ4pZQD9iKsTSjhXf3ekKBBiEniqMkByJJa9TPzP6yfSv3JSGsaJJCFePOQnDMoIZpnBAeUESzZRBGFO1V8hHiGOsFTJZiFYyyuvkk6taplV6+6i1LjO4yiCE3AKysACl6ABmqAF2gCDJ/ACZuBNe9ZetXftY1Fa0PKeY/AH2tc3/TmfXQ==</latexit><latexit sha1_base64="aXSBacYiaivjjisWgjtFrgVb9LM=">AAACJnicbVDLSgMxFM3UVx1foy7dBIvQLiwzRdBNoeimOyvYB3TGIZNm2tDMgyQjlKFf48ZfceOiIuLOTzHTDqitB0IO59x7k3u8mFEhTfNTK6ytb2xuFbf1nd29/QPj8KgjooRj0sYRi3jPQ4IwGpK2pJKRXswJCjxGut74JvO7j4QLGoX3chITJ0DDkPoUI6kk16hb8BzatwEZorKswLqewqZrPtRg+cdwTViBdqTG6E1VpEw0v6a6a5TMqjkHXCVWTkogR8s1ZvYgwklAQokZEqJvmbF0UsQlxYxMdTsRJEZ4jIakr2iIAiKcdL7mFJ4pZQD9iKsTSjhXf3ekKBBiEniqMkByJJa9TPzP6yfSv3JSGsaJJCFePOQnDMoIZpnBAeUESzZRBGFO1V8hHiGOsFTJZiFYyyuvkk6taplV6+6i1LjO4yiCE3AKysACl6ABmqAF2gCDJ/ACZuBNe9ZetXftY1Fa0PKeY/AH2tc3/TmfXQ==</latexit><latexit sha1_base64="aXSBacYiaivjjisWgjtFrgVb9LM=">AAACJnicbVDLSgMxFM3UVx1foy7dBIvQLiwzRdBNoeimOyvYB3TGIZNm2tDMgyQjlKFf48ZfceOiIuLOTzHTDqitB0IO59x7k3u8mFEhTfNTK6ytb2xuFbf1nd29/QPj8KgjooRj0sYRi3jPQ4IwGpK2pJKRXswJCjxGut74JvO7j4QLGoX3chITJ0DDkPoUI6kk16hb8BzatwEZorKswLqewqZrPtRg+cdwTViBdqTG6E1VpEw0v6a6a5TMqjkHXCVWTkogR8s1ZvYgwklAQokZEqJvmbF0UsQlxYxMdTsRJEZ4jIakr2iIAiKcdL7mFJ4pZQD9iKsTSjhXf3ekKBBiEniqMkByJJa9TPzP6yfSv3JSGsaJJCFePOQnDMoIZpnBAeUESzZRBGFO1V8hHiGOsFTJZiFYyyuvkk6taplV6+6i1LjO4yiCE3AKysACl6ABmqAF2gCDJ/ACZuBNe9ZetXftY1Fa0PKeY/AH2tc3/TmfXQ==</latexit><latexit sha1_base64="aXSBacYiaivjjisWgjtFrgVb9LM=">AAACJnicbVDLSgMxFM3UVx1foy7dBIvQLiwzRdBNoeimOyvYB3TGIZNm2tDMgyQjlKFf48ZfceOiIuLOTzHTDqitB0IO59x7k3u8mFEhTfNTK6ytb2xuFbf1nd29/QPj8KgjooRj0sYRi3jPQ4IwGpK2pJKRXswJCjxGut74JvO7j4QLGoX3chITJ0DDkPoUI6kk16hb8BzatwEZorKswLqewqZrPtRg+cdwTViBdqTG6E1VpEw0v6a6a5TMqjkHXCVWTkogR8s1ZvYgwklAQokZEqJvmbF0UsQlxYxMdTsRJEZ4jIakr2iIAiKcdL7mFJ4pZQD9iKsTSjhXf3ekKBBiEniqMkByJJa9TPzP6yfSv3JSGsaJJCFePOQnDMoIZpnBAeUESzZRBGFO1V8hHiGOsFTJZiFYyyuvkk6taplV6+6i1LjO4yiCE3AKysACl6ABmqAF2gCDJ/ACZuBNe9ZetXftY1Fa0PKeY/AH2tc3/TmfXQ==</latexit>

t ⌧ tm⇤ ⇡ 10 Gyr
<latexit sha1_base64="dBARhVCP2hFNp4a6FBGV5irKfU8=">AAACGHicbVC7TsMwFHXKq4RXgJHFokJiKglCgrGCAQaGItGH1FSR47itVTuObAcRReEvWPgVFgYQYu3G3+A+Bmg5kqWjc+7R9T1hwqjSrvttlZaWV1bXyuv2xubW9o6zu9dUIpWYNLBgQrZDpAijMWloqhlpJ5IgHjLSCodXY7/1QKSiIr7XWUK6HPVj2qMYaSMFzomGPmNQB3nuSw55Af1bk46QIShJpHi0PRc+TczrTBaBU3Gr7gRwkXgzUgEz1ANn5EcCp5zEGjOkVMdzE93NkdQUM1LYfqpIgvAQ9UnH0Bhxorr55LACHhklgj0hzYs1nKi/EzniSmU8NJMc6YGa98bif14n1b2Lbk7jJNUkxtNFvdT0IOC4JRhRSbBmmSEIS2r+CvEASYS16dI2JXjzJy+S5mnVc6ve3VmldjmrowwOwCE4Bh44BzVwA+qgATB4Bq/gHXxYL9ab9Wl9TUdL1iyzD/7AGv0AWzWfVQ==</latexit><latexit sha1_base64="dBARhVCP2hFNp4a6FBGV5irKfU8=">AAACGHicbVC7TsMwFHXKq4RXgJHFokJiKglCgrGCAQaGItGH1FSR47itVTuObAcRReEvWPgVFgYQYu3G3+A+Bmg5kqWjc+7R9T1hwqjSrvttlZaWV1bXyuv2xubW9o6zu9dUIpWYNLBgQrZDpAijMWloqhlpJ5IgHjLSCodXY7/1QKSiIr7XWUK6HPVj2qMYaSMFzomGPmNQB3nuSw55Af1bk46QIShJpHi0PRc+TczrTBaBU3Gr7gRwkXgzUgEz1ANn5EcCp5zEGjOkVMdzE93NkdQUM1LYfqpIgvAQ9UnH0Bhxorr55LACHhklgj0hzYs1nKi/EzniSmU8NJMc6YGa98bif14n1b2Lbk7jJNUkxtNFvdT0IOC4JRhRSbBmmSEIS2r+CvEASYS16dI2JXjzJy+S5mnVc6ve3VmldjmrowwOwCE4Bh44BzVwA+qgATB4Bq/gHXxYL9ab9Wl9TUdL1iyzD/7AGv0AWzWfVQ==</latexit><latexit sha1_base64="dBARhVCP2hFNp4a6FBGV5irKfU8=">AAACGHicbVC7TsMwFHXKq4RXgJHFokJiKglCgrGCAQaGItGH1FSR47itVTuObAcRReEvWPgVFgYQYu3G3+A+Bmg5kqWjc+7R9T1hwqjSrvttlZaWV1bXyuv2xubW9o6zu9dUIpWYNLBgQrZDpAijMWloqhlpJ5IgHjLSCodXY7/1QKSiIr7XWUK6HPVj2qMYaSMFzomGPmNQB3nuSw55Af1bk46QIShJpHi0PRc+TczrTBaBU3Gr7gRwkXgzUgEz1ANn5EcCp5zEGjOkVMdzE93NkdQUM1LYfqpIgvAQ9UnH0Bhxorr55LACHhklgj0hzYs1nKi/EzniSmU8NJMc6YGa98bif14n1b2Lbk7jJNUkxtNFvdT0IOC4JRhRSbBmmSEIS2r+CvEASYS16dI2JXjzJy+S5mnVc6ve3VmldjmrowwOwCE4Bh44BzVwA+qgATB4Bq/gHXxYL9ab9Wl9TUdL1iyzD/7AGv0AWzWfVQ==</latexit><latexit sha1_base64="dBARhVCP2hFNp4a6FBGV5irKfU8=">AAACGHicbVC7TsMwFHXKq4RXgJHFokJiKglCgrGCAQaGItGH1FSR47itVTuObAcRReEvWPgVFgYQYu3G3+A+Bmg5kqWjc+7R9T1hwqjSrvttlZaWV1bXyuv2xubW9o6zu9dUIpWYNLBgQrZDpAijMWloqhlpJ5IgHjLSCodXY7/1QKSiIr7XWUK6HPVj2qMYaSMFzomGPmNQB3nuSw55Af1bk46QIShJpHi0PRc+TczrTBaBU3Gr7gRwkXgzUgEz1ANn5EcCp5zEGjOkVMdzE93NkdQUM1LYfqpIgvAQ9UnH0Bhxorr55LACHhklgj0hzYs1nKi/EzniSmU8NJMc6YGa98bif14n1b2Lbk7jJNUkxtNFvdT0IOC4JRhRSbBmmSEIS2r+CvEASYS16dI2JXjzJy+S5mnVc6ve3VmldjmrowwOwCE4Bh44BzVwA+qgATB4Bq/gHXxYL9ab9Wl9TUdL1iyzD/7AGv0AWzWfVQ==</latexit>

Quando o Universo era 
dominado por radiação e 
matéria:

H(t)2

H2
0

=
⌦r,0

a4
+

⌦m,0

a3
<latexit sha1_base64="Vt6CTl4c+PyVai125W+Ad1ta2TA="></latexit><latexit sha1_base64="Vt6CTl4c+PyVai125W+Ad1ta2TA="></latexit><latexit sha1_base64="Vt6CTl4c+PyVai125W+Ad1ta2TA="></latexit><latexit sha1_base64="Vt6CTl4c+PyVai125W+Ad1ta2TA="></latexit>Ryden eq. (5.108)
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1� ⌦(t) = � c2

R2
0a(t)

2H(t)2
<latexit sha1_base64="L5jJwidlQNSwW9VujRK/T93y+G8="></latexit><latexit sha1_base64="L5jJwidlQNSwW9VujRK/T93y+G8="></latexit><latexit sha1_base64="L5jJwidlQNSwW9VujRK/T93y+G8="></latexit><latexit sha1_base64="L5jJwidlQNSwW9VujRK/T93y+G8="></latexit>

1� ⌦0 = � c2

R2
0H

2
0

<latexit sha1_base64="yBgBxMOx/rfFXzfAQX+3pSgIdqo=">AAACGnicbVDLSgMxFM34rPVVdenmYhHctMwUQTdC0U13VrEP6NThTpq2oZkHSUYoQ7/Djb/ixoUi7sSNf2P6WGjrgYTDOfeQ3OPHgitt29/W0vLK6tp6ZiO7ubW9s5vb26+rKJGU1WgkItn0UTHBQ1bTXAvWjCXDwBes4Q+uxn7jgUnFo/BOD2PWDrAX8i6nqI3k5RwHCuBeB6yHng0XAIVs6g4wjhHofQncyITh1rMNr4zvEXi5vF20J4BF4sxInsxQ9XKfbieiScBCTQUq1XLsWLdTlJpTwUZZN1EsRjrAHmsZGmLAVDudrDaCY6N0oBtJc0INE/V3IsVAqWHgm8kAdV/Ne2PxP6+V6O55O+VhnGgW0ulD3USAjmDcE3S4ZFSLoSFIJTd/BdpHiVSbNrOmBGd+5UVSLxUdu+jcnObLl7M6MuSQHJET4pAzUiYVUiU1QskjeSav5M16sl6sd+tjOrpkzTIH5A+srx9lYpy/</latexit><latexit sha1_base64="yBgBxMOx/rfFXzfAQX+3pSgIdqo=">AAACGnicbVDLSgMxFM34rPVVdenmYhHctMwUQTdC0U13VrEP6NThTpq2oZkHSUYoQ7/Djb/ixoUi7sSNf2P6WGjrgYTDOfeQ3OPHgitt29/W0vLK6tp6ZiO7ubW9s5vb26+rKJGU1WgkItn0UTHBQ1bTXAvWjCXDwBes4Q+uxn7jgUnFo/BOD2PWDrAX8i6nqI3k5RwHCuBeB6yHng0XAIVs6g4wjhHofQncyITh1rMNr4zvEXi5vF20J4BF4sxInsxQ9XKfbieiScBCTQUq1XLsWLdTlJpTwUZZN1EsRjrAHmsZGmLAVDudrDaCY6N0oBtJc0INE/V3IsVAqWHgm8kAdV/Ne2PxP6+V6O55O+VhnGgW0ulD3USAjmDcE3S4ZFSLoSFIJTd/BdpHiVSbNrOmBGd+5UVSLxUdu+jcnObLl7M6MuSQHJET4pAzUiYVUiU1QskjeSav5M16sl6sd+tjOrpkzTIH5A+srx9lYpy/</latexit><latexit sha1_base64="yBgBxMOx/rfFXzfAQX+3pSgIdqo=">AAACGnicbVDLSgMxFM34rPVVdenmYhHctMwUQTdC0U13VrEP6NThTpq2oZkHSUYoQ7/Djb/ixoUi7sSNf2P6WGjrgYTDOfeQ3OPHgitt29/W0vLK6tp6ZiO7ubW9s5vb26+rKJGU1WgkItn0UTHBQ1bTXAvWjCXDwBes4Q+uxn7jgUnFo/BOD2PWDrAX8i6nqI3k5RwHCuBeB6yHng0XAIVs6g4wjhHofQncyITh1rMNr4zvEXi5vF20J4BF4sxInsxQ9XKfbieiScBCTQUq1XLsWLdTlJpTwUZZN1EsRjrAHmsZGmLAVDudrDaCY6N0oBtJc0INE/V3IsVAqWHgm8kAdV/Ne2PxP6+V6O55O+VhnGgW0ulD3USAjmDcE3S4ZFSLoSFIJTd/BdpHiVSbNrOmBGd+5UVSLxUdu+jcnObLl7M6MuSQHJET4pAzUiYVUiU1QskjeSav5M16sl6sd+tjOrpkzTIH5A+srx9lYpy/</latexit><latexit sha1_base64="yBgBxMOx/rfFXzfAQX+3pSgIdqo=">AAACGnicbVDLSgMxFM34rPVVdenmYhHctMwUQTdC0U13VrEP6NThTpq2oZkHSUYoQ7/Djb/ixoUi7sSNf2P6WGjrgYTDOfeQ3OPHgitt29/W0vLK6tp6ZiO7ubW9s5vb26+rKJGU1WgkItn0UTHBQ1bTXAvWjCXDwBes4Q+uxn7jgUnFo/BOD2PWDrAX8i6nqI3k5RwHCuBeB6yHng0XAIVs6g4wjhHofQncyITh1rMNr4zvEXi5vF20J4BF4sxInsxQ9XKfbieiScBCTQUq1XLsWLdTlJpTwUZZN1EsRjrAHmsZGmLAVDudrDaCY6N0oBtJc0INE/V3IsVAqWHgm8kAdV/Ne2PxP6+V6O55O+VhnGgW0ulD3USAjmDcE3S4ZFSLoSFIJTd/BdpHiVSbNrOmBGd+5UVSLxUdu+jcnObLl7M6MuSQHJET4pAzUiYVUiU1QskjeSav5M16sl6sd+tjOrpkzTIH5A+srx9lYpy/</latexit>

(1)

(2)

10.1 O Problema da Planicidade

Expressão para Ω(t) na forma: 

1� ⌦(t) =
H2

0 (1� ⌦0)

H(t)2a(t)2
<latexit sha1_base64="aXSBacYiaivjjisWgjtFrgVb9LM=">AAACJnicbVDLSgMxFM3UVx1foy7dBIvQLiwzRdBNoeimOyvYB3TGIZNm2tDMgyQjlKFf48ZfceOiIuLOTzHTDqitB0IO59x7k3u8mFEhTfNTK6ytb2xuFbf1nd29/QPj8KgjooRj0sYRi3jPQ4IwGpK2pJKRXswJCjxGut74JvO7j4QLGoX3chITJ0DDkPoUI6kk16hb8BzatwEZorKswLqewqZrPtRg+cdwTViBdqTG6E1VpEw0v6a6a5TMqjkHXCVWTkogR8s1ZvYgwklAQokZEqJvmbF0UsQlxYxMdTsRJEZ4jIakr2iIAiKcdL7mFJ4pZQD9iKsTSjhXf3ekKBBiEniqMkByJJa9TPzP6yfSv3JSGsaJJCFePOQnDMoIZpnBAeUESzZRBGFO1V8hHiGOsFTJZiFYyyuvkk6taplV6+6i1LjO4yiCE3AKysACl6ABmqAF2gCDJ/ACZuBNe9ZetXftY1Fa0PKeY/AH2tc3/TmfXQ==</latexit><latexit sha1_base64="aXSBacYiaivjjisWgjtFrgVb9LM=">AAACJnicbVDLSgMxFM3UVx1foy7dBIvQLiwzRdBNoeimOyvYB3TGIZNm2tDMgyQjlKFf48ZfceOiIuLOTzHTDqitB0IO59x7k3u8mFEhTfNTK6ytb2xuFbf1nd29/QPj8KgjooRj0sYRi3jPQ4IwGpK2pJKRXswJCjxGut74JvO7j4QLGoX3chITJ0DDkPoUI6kk16hb8BzatwEZorKswLqewqZrPtRg+cdwTViBdqTG6E1VpEw0v6a6a5TMqjkHXCVWTkogR8s1ZvYgwklAQokZEqJvmbF0UsQlxYxMdTsRJEZ4jIakr2iIAiKcdL7mFJ4pZQD9iKsTSjhXf3ekKBBiEniqMkByJJa9TPzP6yfSv3JSGsaJJCFePOQnDMoIZpnBAeUESzZRBGFO1V8hHiGOsFTJZiFYyyuvkk6taplV6+6i1LjO4yiCE3AKysACl6ABmqAF2gCDJ/ACZuBNe9ZetXftY1Fa0PKeY/AH2tc3/TmfXQ==</latexit><latexit sha1_base64="aXSBacYiaivjjisWgjtFrgVb9LM=">AAACJnicbVDLSgMxFM3UVx1foy7dBIvQLiwzRdBNoeimOyvYB3TGIZNm2tDMgyQjlKFf48ZfceOiIuLOTzHTDqitB0IO59x7k3u8mFEhTfNTK6ytb2xuFbf1nd29/QPj8KgjooRj0sYRi3jPQ4IwGpK2pJKRXswJCjxGut74JvO7j4QLGoX3chITJ0DDkPoUI6kk16hb8BzatwEZorKswLqewqZrPtRg+cdwTViBdqTG6E1VpEw0v6a6a5TMqjkHXCVWTkogR8s1ZvYgwklAQokZEqJvmbF0UsQlxYxMdTsRJEZ4jIakr2iIAiKcdL7mFJ4pZQD9iKsTSjhXf3ekKBBiEniqMkByJJa9TPzP6yfSv3JSGsaJJCFePOQnDMoIZpnBAeUESzZRBGFO1V8hHiGOsFTJZiFYyyuvkk6taplV6+6i1LjO4yiCE3AKysACl6ABmqAF2gCDJ/ACZuBNe9ZetXftY1Fa0PKeY/AH2tc3/TmfXQ==</latexit><latexit sha1_base64="aXSBacYiaivjjisWgjtFrgVb9LM=">AAACJnicbVDLSgMxFM3UVx1foy7dBIvQLiwzRdBNoeimOyvYB3TGIZNm2tDMgyQjlKFf48ZfceOiIuLOTzHTDqitB0IO59x7k3u8mFEhTfNTK6ytb2xuFbf1nd29/QPj8KgjooRj0sYRi3jPQ4IwGpK2pJKRXswJCjxGut74JvO7j4QLGoX3chITJ0DDkPoUI6kk16hb8BzatwEZorKswLqewqZrPtRg+cdwTViBdqTG6E1VpEw0v6a6a5TMqjkHXCVWTkogR8s1ZvYgwklAQokZEqJvmbF0UsQlxYxMdTsRJEZ4jIakr2iIAiKcdL7mFJ4pZQD9iKsTSjhXf3ekKBBiEniqMkByJJa9TPzP6yfSv3JSGsaJJCFePOQnDMoIZpnBAeUESzZRBGFO1V8hHiGOsFTJZiFYyyuvkk6taplV6+6i1LjO4yiCE3AKysACl6ABmqAF2gCDJ/ACZuBNe9ZetXftY1Fa0PKeY/AH2tc3/TmfXQ==</latexit>

t ⌧ tm⇤ ⇡ 10 Gyr
<latexit sha1_base64="dBARhVCP2hFNp4a6FBGV5irKfU8=">AAACGHicbVC7TsMwFHXKq4RXgJHFokJiKglCgrGCAQaGItGH1FSR47itVTuObAcRReEvWPgVFgYQYu3G3+A+Bmg5kqWjc+7R9T1hwqjSrvttlZaWV1bXyuv2xubW9o6zu9dUIpWYNLBgQrZDpAijMWloqhlpJ5IgHjLSCodXY7/1QKSiIr7XWUK6HPVj2qMYaSMFzomGPmNQB3nuSw55Af1bk46QIShJpHi0PRc+TczrTBaBU3Gr7gRwkXgzUgEz1ANn5EcCp5zEGjOkVMdzE93NkdQUM1LYfqpIgvAQ9UnH0Bhxorr55LACHhklgj0hzYs1nKi/EzniSmU8NJMc6YGa98bif14n1b2Lbk7jJNUkxtNFvdT0IOC4JRhRSbBmmSEIS2r+CvEASYS16dI2JXjzJy+S5mnVc6ve3VmldjmrowwOwCE4Bh44BzVwA+qgATB4Bq/gHXxYL9ab9Wl9TUdL1iyzD/7AGv0AWzWfVQ==</latexit><latexit sha1_base64="dBARhVCP2hFNp4a6FBGV5irKfU8=">AAACGHicbVC7TsMwFHXKq4RXgJHFokJiKglCgrGCAQaGItGH1FSR47itVTuObAcRReEvWPgVFgYQYu3G3+A+Bmg5kqWjc+7R9T1hwqjSrvttlZaWV1bXyuv2xubW9o6zu9dUIpWYNLBgQrZDpAijMWloqhlpJ5IgHjLSCodXY7/1QKSiIr7XWUK6HPVj2qMYaSMFzomGPmNQB3nuSw55Af1bk46QIShJpHi0PRc+TczrTBaBU3Gr7gRwkXgzUgEz1ANn5EcCp5zEGjOkVMdzE93NkdQUM1LYfqpIgvAQ9UnH0Bhxorr55LACHhklgj0hzYs1nKi/EzniSmU8NJMc6YGa98bif14n1b2Lbk7jJNUkxtNFvdT0IOC4JRhRSbBmmSEIS2r+CvEASYS16dI2JXjzJy+S5mnVc6ve3VmldjmrowwOwCE4Bh44BzVwA+qgATB4Bq/gHXxYL9ab9Wl9TUdL1iyzD/7AGv0AWzWfVQ==</latexit><latexit sha1_base64="dBARhVCP2hFNp4a6FBGV5irKfU8=">AAACGHicbVC7TsMwFHXKq4RXgJHFokJiKglCgrGCAQaGItGH1FSR47itVTuObAcRReEvWPgVFgYQYu3G3+A+Bmg5kqWjc+7R9T1hwqjSrvttlZaWV1bXyuv2xubW9o6zu9dUIpWYNLBgQrZDpAijMWloqhlpJ5IgHjLSCodXY7/1QKSiIr7XWUK6HPVj2qMYaSMFzomGPmNQB3nuSw55Af1bk46QIShJpHi0PRc+TczrTBaBU3Gr7gRwkXgzUgEz1ANn5EcCp5zEGjOkVMdzE93NkdQUM1LYfqpIgvAQ9UnH0Bhxorr55LACHhklgj0hzYs1nKi/EzniSmU8NJMc6YGa98bif14n1b2Lbk7jJNUkxtNFvdT0IOC4JRhRSbBmmSEIS2r+CvEASYS16dI2JXjzJy+S5mnVc6ve3VmldjmrowwOwCE4Bh44BzVwA+qgATB4Bq/gHXxYL9ab9Wl9TUdL1iyzD/7AGv0AWzWfVQ==</latexit><latexit sha1_base64="dBARhVCP2hFNp4a6FBGV5irKfU8=">AAACGHicbVC7TsMwFHXKq4RXgJHFokJiKglCgrGCAQaGItGH1FSR47itVTuObAcRReEvWPgVFgYQYu3G3+A+Bmg5kqWjc+7R9T1hwqjSrvttlZaWV1bXyuv2xubW9o6zu9dUIpWYNLBgQrZDpAijMWloqhlpJ5IgHjLSCodXY7/1QKSiIr7XWUK6HPVj2qMYaSMFzomGPmNQB3nuSw55Af1bk46QIShJpHi0PRc+TczrTBaBU3Gr7gRwkXgzUgEz1ANn5EcCp5zEGjOkVMdzE93NkdQUM1LYfqpIgvAQ9UnH0Bhxorr55LACHhklgj0hzYs1nKi/EzniSmU8NJMc6YGa98bif14n1b2Lbk7jJNUkxtNFvdT0IOC4JRhRSbBmmSEIS2r+CvEASYS16dI2JXjzJy+S5mnVc6ve3VmldjmrowwOwCE4Bh44BzVwA+qgATB4Bq/gHXxYL9ab9Wl9TUdL1iyzD/7AGv0AWzWfVQ==</latexit>

Quando o Universo era 
dominado por radiação e 
matéria:

H(t)2

H2
0

=
⌦r,0

a4
+

⌦m,0

a3
<latexit sha1_base64="Vt6CTl4c+PyVai125W+Ad1ta2TA="></latexit><latexit sha1_base64="Vt6CTl4c+PyVai125W+Ad1ta2TA="></latexit><latexit sha1_base64="Vt6CTl4c+PyVai125W+Ad1ta2TA="></latexit><latexit sha1_base64="Vt6CTl4c+PyVai125W+Ad1ta2TA="></latexit>Ryden eq. (5.108)

1� ⌦(t) =
(1� ⌦0)a2

⌦r,0 + a⌦m,0
<latexit sha1_base64="XH/nAEBhBBXlJTvnts+3vw4kTgY="></latexit><latexit sha1_base64="XH/nAEBhBBXlJTvnts+3vw4kTgY="></latexit><latexit sha1_base64="XH/nAEBhBBXlJTvnts+3vw4kTgY="></latexit><latexit sha1_base64="XH/nAEBhBBXlJTvnts+3vw4kTgY="></latexit>

Quando o Universo era dominado por 
radiação e matéria, o desvio de Ω do 
valor 1 crescia sempre.
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1� ⌦(t) =
(1� ⌦0)a2

⌦r,0 + a⌦m,0
<latexit sha1_base64="XH/nAEBhBBXlJTvnts+3vw4kTgY="></latexit><latexit sha1_base64="XH/nAEBhBBXlJTvnts+3vw4kTgY="></latexit><latexit sha1_base64="XH/nAEBhBBXlJTvnts+3vw4kTgY="></latexit><latexit sha1_base64="XH/nAEBhBBXlJTvnts+3vw4kTgY="></latexit>

Quando o Universo era dominado por 
radiação e matéria, o desvio de Ω do 
valor 1 crescia sempre.

Fase dominada por radiação:

Fase dominada por matéria:

|1� ⌦|r / a2 / t
<latexit sha1_base64="lV7pDAg9wua1jnINwP5rleotho4=">AAACEnicbVDLSgMxFM34rONr1KWbYBF0YZkpgi6LbtxZwT6gHYdMmmlDk5mQZIQy7Te48VfcuFDErSt3/o1pO4K2HggczrmXm3NCwajSrvtlLSwuLa+sFtbs9Y3NrW1nZ7euklRiUsMJS2QzRIowGpOappqRppAE8ZCRRti/HPuNeyIVTeJbPRDE56gb04hipI0UOMdD6MET2L7mpIvgMMjkCNptIROhE4juyvCH68ApuiV3AjhPvJwUQY5q4Hy2OwlOOYk1ZkiplucK7WdIaooZGdntVBGBcB91ScvQGHGi/GwSaQQPjdKBUSLNizWcqL83MsSVGvDQTHKke2rWG4v/ea1UR+d+RmORahLj6aEoZXAc0fQDO1QSrNnAEIQlNX+FuIckwtq0aJsSvNnI86ReLnluybs5LVYu8joKYB8cgCPggTNQAVegCmoAgwfwBF7Aq/VoPVtv1vt0dMHKd/bAH1gf328tnBg=</latexit><latexit sha1_base64="lV7pDAg9wua1jnINwP5rleotho4=">AAACEnicbVDLSgMxFM34rONr1KWbYBF0YZkpgi6LbtxZwT6gHYdMmmlDk5mQZIQy7Te48VfcuFDErSt3/o1pO4K2HggczrmXm3NCwajSrvtlLSwuLa+sFtbs9Y3NrW1nZ7euklRiUsMJS2QzRIowGpOappqRppAE8ZCRRti/HPuNeyIVTeJbPRDE56gb04hipI0UOMdD6MET2L7mpIvgMMjkCNptIROhE4juyvCH68ApuiV3AjhPvJwUQY5q4Hy2OwlOOYk1ZkiplucK7WdIaooZGdntVBGBcB91ScvQGHGi/GwSaQQPjdKBUSLNizWcqL83MsSVGvDQTHKke2rWG4v/ea1UR+d+RmORahLj6aEoZXAc0fQDO1QSrNnAEIQlNX+FuIckwtq0aJsSvNnI86ReLnluybs5LVYu8joKYB8cgCPggTNQAVegCmoAgwfwBF7Aq/VoPVtv1vt0dMHKd/bAH1gf328tnBg=</latexit><latexit sha1_base64="lV7pDAg9wua1jnINwP5rleotho4=">AAACEnicbVDLSgMxFM34rONr1KWbYBF0YZkpgi6LbtxZwT6gHYdMmmlDk5mQZIQy7Te48VfcuFDErSt3/o1pO4K2HggczrmXm3NCwajSrvtlLSwuLa+sFtbs9Y3NrW1nZ7euklRiUsMJS2QzRIowGpOappqRppAE8ZCRRti/HPuNeyIVTeJbPRDE56gb04hipI0UOMdD6MET2L7mpIvgMMjkCNptIROhE4juyvCH68ApuiV3AjhPvJwUQY5q4Hy2OwlOOYk1ZkiplucK7WdIaooZGdntVBGBcB91ScvQGHGi/GwSaQQPjdKBUSLNizWcqL83MsSVGvDQTHKke2rWG4v/ea1UR+d+RmORahLj6aEoZXAc0fQDO1QSrNnAEIQlNX+FuIckwtq0aJsSvNnI86ReLnluybs5LVYu8joKYB8cgCPggTNQAVegCmoAgwfwBF7Aq/VoPVtv1vt0dMHKd/bAH1gf328tnBg=</latexit><latexit sha1_base64="lV7pDAg9wua1jnINwP5rleotho4=">AAACEnicbVDLSgMxFM34rONr1KWbYBF0YZkpgi6LbtxZwT6gHYdMmmlDk5mQZIQy7Te48VfcuFDErSt3/o1pO4K2HggczrmXm3NCwajSrvtlLSwuLa+sFtbs9Y3NrW1nZ7euklRiUsMJS2QzRIowGpOappqRppAE8ZCRRti/HPuNeyIVTeJbPRDE56gb04hipI0UOMdD6MET2L7mpIvgMMjkCNptIROhE4juyvCH68ApuiV3AjhPvJwUQY5q4Hy2OwlOOYk1ZkiplucK7WdIaooZGdntVBGBcB91ScvQGHGi/GwSaQQPjdKBUSLNizWcqL83MsSVGvDQTHKke2rWG4v/ea1UR+d+RmORahLj6aEoZXAc0fQDO1QSrNnAEIQlNX+FuIckwtq0aJsSvNnI86ReLnluybs5LVYu8joKYB8cgCPggTNQAVegCmoAgwfwBF7Aq/VoPVtv1vt0dMHKd/bAH1gf328tnBg=</latexit>

|1� ⌦|m / a / t2/3
<latexit sha1_base64="O0Ul+DAFKIAo5R6xOVplxZOiDvw=">AAACFnicbVDLSsNAFJ34rPEVdelmsAhuWpMq6LLoxp0V7AOaGCbTSTt0JgkzE6Gk/Qo3/oobF4q4FXf+jdM2grYeGDiccy93zgkSRqWy7S9jYXFpeWW1sGaub2xubVs7uw0ZpwKTOo5ZLFoBkoTRiNQVVYy0EkEQDxhpBv3Lsd+8J0LSOLpVg4R4HHUjGlKMlJZ8qzSEDixB95qTLoJDP+MjaLqJiBMVQwR/mLrLKscnI98q2mV7AjhPnJwUQY6ab326nRinnEQKMyRl27ET5WVIKIoZGZluKkmCcB91SVvTCHEivWwSawQPtdKBYSz0ixScqL83MsSlHPBAT3KkenLWG4v/ee1UhedeRqMkVSTC00NhyuA4qO4IdqggWLGBJggLqv8KcQ8JhJVu0tQlOLOR50mjUnbssnNzWqxe5HUUwD44AEfAAWegCq5ADdQBBg/gCbyAV+PReDbejPfp6IKR7+yBPzA+vgFEWZ2V</latexit><latexit sha1_base64="O0Ul+DAFKIAo5R6xOVplxZOiDvw=">AAACFnicbVDLSsNAFJ34rPEVdelmsAhuWpMq6LLoxp0V7AOaGCbTSTt0JgkzE6Gk/Qo3/oobF4q4FXf+jdM2grYeGDiccy93zgkSRqWy7S9jYXFpeWW1sGaub2xubVs7uw0ZpwKTOo5ZLFoBkoTRiNQVVYy0EkEQDxhpBv3Lsd+8J0LSOLpVg4R4HHUjGlKMlJZ8qzSEDixB95qTLoJDP+MjaLqJiBMVQwR/mLrLKscnI98q2mV7AjhPnJwUQY6ab326nRinnEQKMyRl27ET5WVIKIoZGZluKkmCcB91SVvTCHEivWwSawQPtdKBYSz0ixScqL83MsSlHPBAT3KkenLWG4v/ee1UhedeRqMkVSTC00NhyuA4qO4IdqggWLGBJggLqv8KcQ8JhJVu0tQlOLOR50mjUnbssnNzWqxe5HUUwD44AEfAAWegCq5ADdQBBg/gCbyAV+PReDbejPfp6IKR7+yBPzA+vgFEWZ2V</latexit><latexit sha1_base64="O0Ul+DAFKIAo5R6xOVplxZOiDvw=">AAACFnicbVDLSsNAFJ34rPEVdelmsAhuWpMq6LLoxp0V7AOaGCbTSTt0JgkzE6Gk/Qo3/oobF4q4FXf+jdM2grYeGDiccy93zgkSRqWy7S9jYXFpeWW1sGaub2xubVs7uw0ZpwKTOo5ZLFoBkoTRiNQVVYy0EkEQDxhpBv3Lsd+8J0LSOLpVg4R4HHUjGlKMlJZ8qzSEDixB95qTLoJDP+MjaLqJiBMVQwR/mLrLKscnI98q2mV7AjhPnJwUQY6ab326nRinnEQKMyRl27ET5WVIKIoZGZluKkmCcB91SVvTCHEivWwSawQPtdKBYSz0ixScqL83MsSlHPBAT3KkenLWG4v/ee1UhedeRqMkVSTC00NhyuA4qO4IdqggWLGBJggLqv8KcQ8JhJVu0tQlOLOR50mjUnbssnNzWqxe5HUUwD44AEfAAWegCq5ADdQBBg/gCbyAV+PReDbejPfp6IKR7+yBPzA+vgFEWZ2V</latexit><latexit sha1_base64="O0Ul+DAFKIAo5R6xOVplxZOiDvw=">AAACFnicbVDLSsNAFJ34rPEVdelmsAhuWpMq6LLoxp0V7AOaGCbTSTt0JgkzE6Gk/Qo3/oobF4q4FXf+jdM2grYeGDiccy93zgkSRqWy7S9jYXFpeWW1sGaub2xubVs7uw0ZpwKTOo5ZLFoBkoTRiNQVVYy0EkEQDxhpBv3Lsd+8J0LSOLpVg4R4HHUjGlKMlJZ8qzSEDixB95qTLoJDP+MjaLqJiBMVQwR/mLrLKscnI98q2mV7AjhPnJwUQY6ab326nRinnEQKMyRl27ET5WVIKIoZGZluKkmCcB91SVvTCHEivWwSawQPtdKBYSz0ixScqL83MsSlHPBAT3KkenLWG4v/ee1UhedeRqMkVSTC00NhyuA4qO4IdqggWLGBJggLqv8KcQ8JhJVu0tQlOLOR50mjUnbssnNzWqxe5HUUwD44AEfAAWegCq5ADdQBBg/gCbyAV+PReDbejPfp6IKR7+yBPzA+vgFEWZ2V</latexit>
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10.1 O Problema da Planicidade

1� ⌦(t) =
(1� ⌦0)a2

⌦r,0 + a⌦m,0
<latexit sha1_base64="XH/nAEBhBBXlJTvnts+3vw4kTgY="></latexit><latexit sha1_base64="XH/nAEBhBBXlJTvnts+3vw4kTgY="></latexit><latexit sha1_base64="XH/nAEBhBBXlJTvnts+3vw4kTgY="></latexit><latexit sha1_base64="XH/nAEBhBBXlJTvnts+3vw4kTgY="></latexit>

Quando o Universo era dominado por 
radiação e matéria, o desvio de Ω do 
valor 1 crescia sempre.

Fase dominada por radiação:

Fase dominada por matéria:

|1� ⌦|r / a2 / t
<latexit sha1_base64="lV7pDAg9wua1jnINwP5rleotho4=">AAACEnicbVDLSgMxFM34rONr1KWbYBF0YZkpgi6LbtxZwT6gHYdMmmlDk5mQZIQy7Te48VfcuFDErSt3/o1pO4K2HggczrmXm3NCwajSrvtlLSwuLa+sFtbs9Y3NrW1nZ7euklRiUsMJS2QzRIowGpOappqRppAE8ZCRRti/HPuNeyIVTeJbPRDE56gb04hipI0UOMdD6MET2L7mpIvgMMjkCNptIROhE4juyvCH68ApuiV3AjhPvJwUQY5q4Hy2OwlOOYk1ZkiplucK7WdIaooZGdntVBGBcB91ScvQGHGi/GwSaQQPjdKBUSLNizWcqL83MsSVGvDQTHKke2rWG4v/ea1UR+d+RmORahLj6aEoZXAc0fQDO1QSrNnAEIQlNX+FuIckwtq0aJsSvNnI86ReLnluybs5LVYu8joKYB8cgCPggTNQAVegCmoAgwfwBF7Aq/VoPVtv1vt0dMHKd/bAH1gf328tnBg=</latexit><latexit sha1_base64="lV7pDAg9wua1jnINwP5rleotho4=">AAACEnicbVDLSgMxFM34rONr1KWbYBF0YZkpgi6LbtxZwT6gHYdMmmlDk5mQZIQy7Te48VfcuFDErSt3/o1pO4K2HggczrmXm3NCwajSrvtlLSwuLa+sFtbs9Y3NrW1nZ7euklRiUsMJS2QzRIowGpOappqRppAE8ZCRRti/HPuNeyIVTeJbPRDE56gb04hipI0UOMdD6MET2L7mpIvgMMjkCNptIROhE4juyvCH68ApuiV3AjhPvJwUQY5q4Hy2OwlOOYk1ZkiplucK7WdIaooZGdntVBGBcB91ScvQGHGi/GwSaQQPjdKBUSLNizWcqL83MsSVGvDQTHKke2rWG4v/ea1UR+d+RmORahLj6aEoZXAc0fQDO1QSrNnAEIQlNX+FuIckwtq0aJsSvNnI86ReLnluybs5LVYu8joKYB8cgCPggTNQAVegCmoAgwfwBF7Aq/VoPVtv1vt0dMHKd/bAH1gf328tnBg=</latexit><latexit sha1_base64="lV7pDAg9wua1jnINwP5rleotho4=">AAACEnicbVDLSgMxFM34rONr1KWbYBF0YZkpgi6LbtxZwT6gHYdMmmlDk5mQZIQy7Te48VfcuFDErSt3/o1pO4K2HggczrmXm3NCwajSrvtlLSwuLa+sFtbs9Y3NrW1nZ7euklRiUsMJS2QzRIowGpOappqRppAE8ZCRRti/HPuNeyIVTeJbPRDE56gb04hipI0UOMdD6MET2L7mpIvgMMjkCNptIROhE4juyvCH68ApuiV3AjhPvJwUQY5q4Hy2OwlOOYk1ZkiplucK7WdIaooZGdntVBGBcB91ScvQGHGi/GwSaQQPjdKBUSLNizWcqL83MsSVGvDQTHKke2rWG4v/ea1UR+d+RmORahLj6aEoZXAc0fQDO1QSrNnAEIQlNX+FuIckwtq0aJsSvNnI86ReLnluybs5LVYu8joKYB8cgCPggTNQAVegCmoAgwfwBF7Aq/VoPVtv1vt0dMHKd/bAH1gf328tnBg=</latexit><latexit sha1_base64="lV7pDAg9wua1jnINwP5rleotho4=">AAACEnicbVDLSgMxFM34rONr1KWbYBF0YZkpgi6LbtxZwT6gHYdMmmlDk5mQZIQy7Te48VfcuFDErSt3/o1pO4K2HggczrmXm3NCwajSrvtlLSwuLa+sFtbs9Y3NrW1nZ7euklRiUsMJS2QzRIowGpOappqRppAE8ZCRRti/HPuNeyIVTeJbPRDE56gb04hipI0UOMdD6MET2L7mpIvgMMjkCNptIROhE4juyvCH68ApuiV3AjhPvJwUQY5q4Hy2OwlOOYk1ZkiplucK7WdIaooZGdntVBGBcB91ScvQGHGi/GwSaQQPjdKBUSLNizWcqL83MsSVGvDQTHKke2rWG4v/ea1UR+d+RmORahLj6aEoZXAc0fQDO1QSrNnAEIQlNX+FuIckwtq0aJsSvNnI86ReLnluybs5LVYu8joKYB8cgCPggTNQAVegCmoAgwfwBF7Aq/VoPVtv1vt0dMHKd/bAH1gf328tnBg=</latexit>

|1� ⌦|m / a / t2/3
<latexit sha1_base64="O0Ul+DAFKIAo5R6xOVplxZOiDvw=">AAACFnicbVDLSsNAFJ34rPEVdelmsAhuWpMq6LLoxp0V7AOaGCbTSTt0JgkzE6Gk/Qo3/oobF4q4FXf+jdM2grYeGDiccy93zgkSRqWy7S9jYXFpeWW1sGaub2xubVs7uw0ZpwKTOo5ZLFoBkoTRiNQVVYy0EkEQDxhpBv3Lsd+8J0LSOLpVg4R4HHUjGlKMlJZ8qzSEDixB95qTLoJDP+MjaLqJiBMVQwR/mLrLKscnI98q2mV7AjhPnJwUQY6ab326nRinnEQKMyRl27ET5WVIKIoZGZluKkmCcB91SVvTCHEivWwSawQPtdKBYSz0ixScqL83MsSlHPBAT3KkenLWG4v/ee1UhedeRqMkVSTC00NhyuA4qO4IdqggWLGBJggLqv8KcQ8JhJVu0tQlOLOR50mjUnbssnNzWqxe5HUUwD44AEfAAWegCq5ADdQBBg/gCbyAV+PReDbejPfp6IKR7+yBPzA+vgFEWZ2V</latexit><latexit sha1_base64="O0Ul+DAFKIAo5R6xOVplxZOiDvw=">AAACFnicbVDLSsNAFJ34rPEVdelmsAhuWpMq6LLoxp0V7AOaGCbTSTt0JgkzE6Gk/Qo3/oobF4q4FXf+jdM2grYeGDiccy93zgkSRqWy7S9jYXFpeWW1sGaub2xubVs7uw0ZpwKTOo5ZLFoBkoTRiNQVVYy0EkEQDxhpBv3Lsd+8J0LSOLpVg4R4HHUjGlKMlJZ8qzSEDixB95qTLoJDP+MjaLqJiBMVQwR/mLrLKscnI98q2mV7AjhPnJwUQY6ab326nRinnEQKMyRl27ET5WVIKIoZGZluKkmCcB91SVvTCHEivWwSawQPtdKBYSz0ixScqL83MsSlHPBAT3KkenLWG4v/ee1UhedeRqMkVSTC00NhyuA4qO4IdqggWLGBJggLqv8KcQ8JhJVu0tQlOLOR50mjUnbssnNzWqxe5HUUwD44AEfAAWegCq5ADdQBBg/gCbyAV+PReDbejPfp6IKR7+yBPzA+vgFEWZ2V</latexit><latexit sha1_base64="O0Ul+DAFKIAo5R6xOVplxZOiDvw=">AAACFnicbVDLSsNAFJ34rPEVdelmsAhuWpMq6LLoxp0V7AOaGCbTSTt0JgkzE6Gk/Qo3/oobF4q4FXf+jdM2grYeGDiccy93zgkSRqWy7S9jYXFpeWW1sGaub2xubVs7uw0ZpwKTOo5ZLFoBkoTRiNQVVYy0EkEQDxhpBv3Lsd+8J0LSOLpVg4R4HHUjGlKMlJZ8qzSEDixB95qTLoJDP+MjaLqJiBMVQwR/mLrLKscnI98q2mV7AjhPnJwUQY6ab326nRinnEQKMyRl27ET5WVIKIoZGZluKkmCcB91SVvTCHEivWwSawQPtdKBYSz0ixScqL83MsSlHPBAT3KkenLWG4v/ee1UhedeRqMkVSTC00NhyuA4qO4IdqggWLGBJggLqv8KcQ8JhJVu0tQlOLOR50mjUnbssnNzWqxe5HUUwD44AEfAAWegCq5ADdQBBg/gCbyAV+PReDbejPfp6IKR7+yBPzA+vgFEWZ2V</latexit><latexit sha1_base64="O0Ul+DAFKIAo5R6xOVplxZOiDvw=">AAACFnicbVDLSsNAFJ34rPEVdelmsAhuWpMq6LLoxp0V7AOaGCbTSTt0JgkzE6Gk/Qo3/oobF4q4FXf+jdM2grYeGDiccy93zgkSRqWy7S9jYXFpeWW1sGaub2xubVs7uw0ZpwKTOo5ZLFoBkoTRiNQVVYy0EkEQDxhpBv3Lsd+8J0LSOLpVg4R4HHUjGlKMlJZ8qzSEDixB95qTLoJDP+MjaLqJiBMVQwR/mLrLKscnI98q2mV7AjhPnJwUQY6ab326nRinnEQKMyRl27ET5WVIKIoZGZluKkmCcB91SVvTCHEivWwSawQPtdKBYSz0ixScqL83MsSlHPBAT3KkenLWG4v/ee1UhedeRqMkVSTC00NhyuA4qO4IdqggWLGBJggLqv8KcQ8JhJVu0tQlOLOR50mjUnbssnNzWqxe5HUUwD44AEfAAWegCq5ADdQBBg/gCbyAV+PReDbejPfp6IKR7+yBPzA+vgFEWZ2V</latexit>

⌦r,0 ⇡ 9.0⇥ 10�5
<latexit sha1_base64="umRvfFGfyeA5lSHQcjVss30/JN4=">AAACEHicbVC7TsMwFHXKq4RXgJHFokIwQOUgELBVsLBRJPqQmhA5rtNadR6yHUQV5RNY+BUWBhBiZWTjb3DbDFA40pWOzrlX997jJ5xJhdCXUZqZnZtfKC+aS8srq2vW+kZTxqkgtEFiHou2jyXlLKINxRSn7URQHPqctvzBxchv3VEhWRzdqGFC3RD3IhYwgpWWPGvXuQppD3uZ2Ec5dHCSiPjePKsi6CgWUgltdJsdHOeeVUFVNAb8S+yCVECBumd9Ot2YpCGNFOFYyo6NEuVmWChGOM1NJ5U0wWSAe7SjaYT1MjcbP5TDHa10YRALXZGCY/XnRIZDKYehrztDrPpy2huJ/3mdVAWnbsaiJFU0IpNFQcqhiuEoHdhlghLFh5pgIpi+FZI+FpgonaGpQ7CnX/5LmodVG1Xt66NK7byIowy2wDbYAzY4ATVwCeqgAQh4AE/gBbwaj8az8Wa8T1pLRjGzCX7B+PgG0/abKQ==</latexit><latexit sha1_base64="umRvfFGfyeA5lSHQcjVss30/JN4=">AAACEHicbVC7TsMwFHXKq4RXgJHFokIwQOUgELBVsLBRJPqQmhA5rtNadR6yHUQV5RNY+BUWBhBiZWTjb3DbDFA40pWOzrlX997jJ5xJhdCXUZqZnZtfKC+aS8srq2vW+kZTxqkgtEFiHou2jyXlLKINxRSn7URQHPqctvzBxchv3VEhWRzdqGFC3RD3IhYwgpWWPGvXuQppD3uZ2Ec5dHCSiPjePKsi6CgWUgltdJsdHOeeVUFVNAb8S+yCVECBumd9Ot2YpCGNFOFYyo6NEuVmWChGOM1NJ5U0wWSAe7SjaYT1MjcbP5TDHa10YRALXZGCY/XnRIZDKYehrztDrPpy2huJ/3mdVAWnbsaiJFU0IpNFQcqhiuEoHdhlghLFh5pgIpi+FZI+FpgonaGpQ7CnX/5LmodVG1Xt66NK7byIowy2wDbYAzY4ATVwCeqgAQh4AE/gBbwaj8az8Wa8T1pLRjGzCX7B+PgG0/abKQ==</latexit><latexit sha1_base64="umRvfFGfyeA5lSHQcjVss30/JN4=">AAACEHicbVC7TsMwFHXKq4RXgJHFokIwQOUgELBVsLBRJPqQmhA5rtNadR6yHUQV5RNY+BUWBhBiZWTjb3DbDFA40pWOzrlX997jJ5xJhdCXUZqZnZtfKC+aS8srq2vW+kZTxqkgtEFiHou2jyXlLKINxRSn7URQHPqctvzBxchv3VEhWRzdqGFC3RD3IhYwgpWWPGvXuQppD3uZ2Ec5dHCSiPjePKsi6CgWUgltdJsdHOeeVUFVNAb8S+yCVECBumd9Ot2YpCGNFOFYyo6NEuVmWChGOM1NJ5U0wWSAe7SjaYT1MjcbP5TDHa10YRALXZGCY/XnRIZDKYehrztDrPpy2huJ/3mdVAWnbsaiJFU0IpNFQcqhiuEoHdhlghLFh5pgIpi+FZI+FpgonaGpQ7CnX/5LmodVG1Xt66NK7byIowy2wDbYAzY4ATVwCeqgAQh4AE/gBbwaj8az8Wa8T1pLRjGzCX7B+PgG0/abKQ==</latexit><latexit sha1_base64="umRvfFGfyeA5lSHQcjVss30/JN4=">AAACEHicbVC7TsMwFHXKq4RXgJHFokIwQOUgELBVsLBRJPqQmhA5rtNadR6yHUQV5RNY+BUWBhBiZWTjb3DbDFA40pWOzrlX997jJ5xJhdCXUZqZnZtfKC+aS8srq2vW+kZTxqkgtEFiHou2jyXlLKINxRSn7URQHPqctvzBxchv3VEhWRzdqGFC3RD3IhYwgpWWPGvXuQppD3uZ2Ec5dHCSiPjePKsi6CgWUgltdJsdHOeeVUFVNAb8S+yCVECBumd9Ot2YpCGNFOFYyo6NEuVmWChGOM1NJ5U0wWSAe7SjaYT1MjcbP5TDHa10YRALXZGCY/XnRIZDKYehrztDrPpy2huJ/3mdVAWnbsaiJFU0IpNFQcqhiuEoHdhlghLFh5pgIpi+FZI+FpgonaGpQ7CnX/5LmodVG1Xt66NK7byIowy2wDbYAzY4ATVwCeqgAQh4AE/gBbwaj8az8Wa8T1pLRjGzCX7B+PgG0/abKQ==</latexit>

⌦m,0 ⇡ 0.31
<latexit sha1_base64="HDfGWYsCwOByNassc5jXhNmvyqQ=">AAACAnicbVDLSsNAFJ3UV42vqCtxM1gEF1ISFXRZdOPOCvYBTQiT6aQdOjMJMxOxhOLGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r0nShlV2nW/rdLC4tLySnnVXlvf2NxytneaKskkJg2csES2I6QIo4I0NNWMtFNJEI8YaUWDq7HfuidS0UTc6WFKAo56gsYUI22k0NnzbzjpoTDnx+4I+ihNZfJgu9VTL3QqbtWdAM4TryAVUKAeOl9+N8EZJ0JjhpTqeG6qgxxJTTEjI9vPFEkRHqAe6RgqECcqyCcvjOChUbowTqQpoeFE/T2RI67UkEemkyPdV7PeWPzP62Q6vghyKtJME4Gni+KMQZ3AcR6wSyXBmg0NQVhScyvEfSQR1iY124Tgzb48T5onVc+terdnldplEUcZ7IMDcAQ8cA5q4BrUQQNg8AiewSt4s56sF+vd+pi2lqxiZhf8gfX5AxlBlew=</latexit><latexit sha1_base64="HDfGWYsCwOByNassc5jXhNmvyqQ=">AAACAnicbVDLSsNAFJ3UV42vqCtxM1gEF1ISFXRZdOPOCvYBTQiT6aQdOjMJMxOxhOLGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r0nShlV2nW/rdLC4tLySnnVXlvf2NxytneaKskkJg2csES2I6QIo4I0NNWMtFNJEI8YaUWDq7HfuidS0UTc6WFKAo56gsYUI22k0NnzbzjpoTDnx+4I+ihNZfJgu9VTL3QqbtWdAM4TryAVUKAeOl9+N8EZJ0JjhpTqeG6qgxxJTTEjI9vPFEkRHqAe6RgqECcqyCcvjOChUbowTqQpoeFE/T2RI67UkEemkyPdV7PeWPzP62Q6vghyKtJME4Gni+KMQZ3AcR6wSyXBmg0NQVhScyvEfSQR1iY124Tgzb48T5onVc+terdnldplEUcZ7IMDcAQ8cA5q4BrUQQNg8AiewSt4s56sF+vd+pi2lqxiZhf8gfX5AxlBlew=</latexit><latexit sha1_base64="HDfGWYsCwOByNassc5jXhNmvyqQ=">AAACAnicbVDLSsNAFJ3UV42vqCtxM1gEF1ISFXRZdOPOCvYBTQiT6aQdOjMJMxOxhOLGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r0nShlV2nW/rdLC4tLySnnVXlvf2NxytneaKskkJg2csES2I6QIo4I0NNWMtFNJEI8YaUWDq7HfuidS0UTc6WFKAo56gsYUI22k0NnzbzjpoTDnx+4I+ihNZfJgu9VTL3QqbtWdAM4TryAVUKAeOl9+N8EZJ0JjhpTqeG6qgxxJTTEjI9vPFEkRHqAe6RgqECcqyCcvjOChUbowTqQpoeFE/T2RI67UkEemkyPdV7PeWPzP62Q6vghyKtJME4Gni+KMQZ3AcR6wSyXBmg0NQVhScyvEfSQR1iY124Tgzb48T5onVc+terdnldplEUcZ7IMDcAQ8cA5q4BrUQQNg8AiewSt4s56sF+vd+pi2lqxiZhf8gfX5AxlBlew=</latexit><latexit sha1_base64="HDfGWYsCwOByNassc5jXhNmvyqQ=">AAACAnicbVDLSsNAFJ3UV42vqCtxM1gEF1ISFXRZdOPOCvYBTQiT6aQdOjMJMxOxhOLGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r0nShlV2nW/rdLC4tLySnnVXlvf2NxytneaKskkJg2csES2I6QIo4I0NNWMtFNJEI8YaUWDq7HfuidS0UTc6WFKAo56gsYUI22k0NnzbzjpoTDnx+4I+ihNZfJgu9VTL3QqbtWdAM4TryAVUKAeOl9+N8EZJ0JjhpTqeG6qgxxJTTEjI9vPFEkRHqAe6RgqECcqyCcvjOChUbowTqQpoeFE/T2RI67UkEemkyPdV7PeWPzP62Q6vghyKtJME4Gni+KMQZ3AcR6wSyXBmg0NQVhScyvEfSQR1iY124Tgzb48T5onVc+terdnldplEUcZ7IMDcAQ8cA5q4BrUQQNg8AiewSt4s56sF+vd+pi2lqxiZhf8gfX5AxlBlew=</latexit>

⌦⇤,0 ⇡ 0.69
<latexit sha1_base64="BUAZhlsUS4TsGxN+oLgwY3O1Ijo=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgbBQsKsiI8uaGMhGME8IBuWu5NJMmT2wcysGJaUNv6KjYUitn6CnX/jJNlCEw8MHM65hzv3+LHgShPybeXm5hcWl/LLhZXVtfUNe3OrpqJEUlalkYhkwwfFBA9ZVXMtWCOWDAJfsLrfvxz59XsmFY/COz2IWSuAbsg7nII2kmfvujcB64KXutcm1IZDMsQuxLGMHgqkdHLu2UVSImPgWeJkpIgyVDz7y21HNAlYqKkApZoOiXUrBak5FWxYcBPFYqB96LKmoSEETLXS8SFDvG+UNu5E0rxQ47H6O5FCoNQg8M1kALqnpr2R+J/XTHTnrJXyME40C+lkUScRWEd41Apuc8moFgNDgEpu/oppDyRQbbormBKc6ZNnSe2o5JCSc3tcLF9kdeTRDtpDB8hBp6iMrlAFVRFFj+gZvaI368l6sd6tj8lozsoy2+gPrM8fl42YYw==</latexit><latexit sha1_base64="BUAZhlsUS4TsGxN+oLgwY3O1Ijo=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgbBQsKsiI8uaGMhGME8IBuWu5NJMmT2wcysGJaUNv6KjYUitn6CnX/jJNlCEw8MHM65hzv3+LHgShPybeXm5hcWl/LLhZXVtfUNe3OrpqJEUlalkYhkwwfFBA9ZVXMtWCOWDAJfsLrfvxz59XsmFY/COz2IWSuAbsg7nII2kmfvujcB64KXutcm1IZDMsQuxLGMHgqkdHLu2UVSImPgWeJkpIgyVDz7y21HNAlYqKkApZoOiXUrBak5FWxYcBPFYqB96LKmoSEETLXS8SFDvG+UNu5E0rxQ47H6O5FCoNQg8M1kALqnpr2R+J/XTHTnrJXyME40C+lkUScRWEd41Apuc8moFgNDgEpu/oppDyRQbbormBKc6ZNnSe2o5JCSc3tcLF9kdeTRDtpDB8hBp6iMrlAFVRFFj+gZvaI368l6sd6tj8lozsoy2+gPrM8fl42YYw==</latexit><latexit sha1_base64="BUAZhlsUS4TsGxN+oLgwY3O1Ijo=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgbBQsKsiI8uaGMhGME8IBuWu5NJMmT2wcysGJaUNv6KjYUitn6CnX/jJNlCEw8MHM65hzv3+LHgShPybeXm5hcWl/LLhZXVtfUNe3OrpqJEUlalkYhkwwfFBA9ZVXMtWCOWDAJfsLrfvxz59XsmFY/COz2IWSuAbsg7nII2kmfvujcB64KXutcm1IZDMsQuxLGMHgqkdHLu2UVSImPgWeJkpIgyVDz7y21HNAlYqKkApZoOiXUrBak5FWxYcBPFYqB96LKmoSEETLXS8SFDvG+UNu5E0rxQ47H6O5FCoNQg8M1kALqnpr2R+J/XTHTnrJXyME40C+lkUScRWEd41Apuc8moFgNDgEpu/oppDyRQbbormBKc6ZNnSe2o5JCSc3tcLF9kdeTRDtpDB8hBp6iMrlAFVRFFj+gZvaI368l6sd6tj8lozsoy2+gPrM8fl42YYw==</latexit><latexit sha1_base64="BUAZhlsUS4TsGxN+oLgwY3O1Ijo=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgbBQsKsiI8uaGMhGME8IBuWu5NJMmT2wcysGJaUNv6KjYUitn6CnX/jJNlCEw8MHM65hzv3+LHgShPybeXm5hcWl/LLhZXVtfUNe3OrpqJEUlalkYhkwwfFBA9ZVXMtWCOWDAJfsLrfvxz59XsmFY/COz2IWSuAbsg7nII2kmfvujcB64KXutcm1IZDMsQuxLGMHgqkdHLu2UVSImPgWeJkpIgyVDz7y21HNAlYqKkApZoOiXUrBak5FWxYcBPFYqB96LKmoSEETLXS8SFDvG+UNu5E0rxQ47H6O5FCoNQg8M1kALqnpr2R+J/XTHTnrJXyME40C+lkUScRWEd41Apuc8moFgNDgEpu/oppDyRQbbormBKc6ZNnSe2o5JCSc3tcLF9kdeTRDtpDB8hBp6iMrlAFVRFFj+gZvaI368l6sd6tj8lozsoy2+gPrM8fl42YYw==</latexit>

|1� ⌦0|  0.005
<latexit sha1_base64="dvyMdRbCTVPxcOATSHOQzRIkUpo=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBjSURRZdFN+6sYB/QhDCZ3rRDJw9nJkJpC278FTcuFHHrT7jzb5y0WWjrgcs9nHMvM/f4CWdSWda3UVhYXFpeKa6W1tY3NrfM7Z2GjFNBoU5jHouWTyRwFkFdMcWhlQggoc+h6fevMr/5AEKyOLpTgwTckHQjFjBKlJY8c29k42Ps3ITQJZ6FR9jhcI+timWdeWY56xnwPLFzUkY5ap755XRimoYQKcqJlG3bSpQ7JEIxymFcclIJCaF90oW2phEJQbrDyQ1jfKiVDg5ioStSeKL+3hiSUMpB6OvJkKienPUy8T+vnargwh2yKEkVRHT6UJByrGKcBYI7TABVfKAJoYLpv2LaI4JQpWMr6RDs2ZPnSeOkYlsV+/a0XL3M4yiifXSAjpCNzlEVXaMaqiOKHtEzekVvxpPxYrwbH9PRgpHv7KI/MD5/AMyelQo=</latexit><latexit sha1_base64="dvyMdRbCTVPxcOATSHOQzRIkUpo=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBjSURRZdFN+6sYB/QhDCZ3rRDJw9nJkJpC278FTcuFHHrT7jzb5y0WWjrgcs9nHMvM/f4CWdSWda3UVhYXFpeKa6W1tY3NrfM7Z2GjFNBoU5jHouWTyRwFkFdMcWhlQggoc+h6fevMr/5AEKyOLpTgwTckHQjFjBKlJY8c29k42Ps3ITQJZ6FR9jhcI+timWdeWY56xnwPLFzUkY5ap755XRimoYQKcqJlG3bSpQ7JEIxymFcclIJCaF90oW2phEJQbrDyQ1jfKiVDg5ioStSeKL+3hiSUMpB6OvJkKienPUy8T+vnargwh2yKEkVRHT6UJByrGKcBYI7TABVfKAJoYLpv2LaI4JQpWMr6RDs2ZPnSeOkYlsV+/a0XL3M4yiifXSAjpCNzlEVXaMaqiOKHtEzekVvxpPxYrwbH9PRgpHv7KI/MD5/AMyelQo=</latexit><latexit sha1_base64="dvyMdRbCTVPxcOATSHOQzRIkUpo=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBjSURRZdFN+6sYB/QhDCZ3rRDJw9nJkJpC278FTcuFHHrT7jzb5y0WWjrgcs9nHMvM/f4CWdSWda3UVhYXFpeKa6W1tY3NrfM7Z2GjFNBoU5jHouWTyRwFkFdMcWhlQggoc+h6fevMr/5AEKyOLpTgwTckHQjFjBKlJY8c29k42Ps3ITQJZ6FR9jhcI+timWdeWY56xnwPLFzUkY5ap755XRimoYQKcqJlG3bSpQ7JEIxymFcclIJCaF90oW2phEJQbrDyQ1jfKiVDg5ioStSeKL+3hiSUMpB6OvJkKienPUy8T+vnargwh2yKEkVRHT6UJByrGKcBYI7TABVfKAJoYLpv2LaI4JQpWMr6RDs2ZPnSeOkYlsV+/a0XL3M4yiifXSAjpCNzlEVXaMaqiOKHtEzekVvxpPxYrwbH9PRgpHv7KI/MD5/AMyelQo=</latexit><latexit sha1_base64="dvyMdRbCTVPxcOATSHOQzRIkUpo=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBjSURRZdFN+6sYB/QhDCZ3rRDJw9nJkJpC278FTcuFHHrT7jzb5y0WWjrgcs9nHMvM/f4CWdSWda3UVhYXFpeKa6W1tY3NrfM7Z2GjFNBoU5jHouWTyRwFkFdMcWhlQggoc+h6fevMr/5AEKyOLpTgwTckHQjFjBKlJY8c29k42Ps3ITQJZ6FR9jhcI+timWdeWY56xnwPLFzUkY5ap755XRimoYQKcqJlG3bSpQ7JEIxymFcclIJCaF90oW2phEJQbrDyQ1jfKiVDg5ioStSeKL+3hiSUMpB6OvJkKienPUy8T+vnargwh2yKEkVRHT6UJByrGKcBYI7TABVfKAJoYLpv2LaI4JQpWMr6RDs2ZPnSeOkYlsV+/a0XL3M4yiifXSAjpCNzlEVXaMaqiOKHtEzekVvxpPxYrwbH9PRgpHv7KI/MD5/AMyelQo=</latexit>

arm ⇡ 2.9⇥ 10�4
<latexit sha1_base64="BJMBTG0DKuLnENG1okUXfxTLoOM=">AAACCnicbVDLSsNAFJ3UV42vqEs3o0VwY0hKQd0V3bisYB/QxDCZTtqhk2SYmYglZO3GX3HjQhG3foE7/8bpY6GtBy4czrmXe+8JOaNSOc63UVpaXlldK6+bG5tb2zvW7l5LppnApIlTlopOiCRhNCFNRRUjHS4IikNG2uHwauy374mQNE1u1YgTP0b9hEYUI6WlwDpEQS7iAnqIc5E+mFX7AnqKxkRC17nLT2tFYFUc25kALhJ3RipghkZgfXm9FGcxSRRmSMqu63Dl50goihkpTC+ThCM8RH3S1TRBepmfT14p4LFWejBKha5EwYn6eyJHsZSjONSdMVIDOe+Nxf+8bqaicz+nCc8USfB0UZQxqFI4zgX2qCBYsZEmCAuqb4V4gATCSqdn6hDc+ZcXSatqu47t3tQq9ctZHGVwAI7ACXDBGaiDa9AATYDBI3gGr+DNeDJejHfjY9paMmYz++APjM8f7fCZGw==</latexit><latexit sha1_base64="BJMBTG0DKuLnENG1okUXfxTLoOM=">AAACCnicbVDLSsNAFJ3UV42vqEs3o0VwY0hKQd0V3bisYB/QxDCZTtqhk2SYmYglZO3GX3HjQhG3foE7/8bpY6GtBy4czrmXe+8JOaNSOc63UVpaXlldK6+bG5tb2zvW7l5LppnApIlTlopOiCRhNCFNRRUjHS4IikNG2uHwauy374mQNE1u1YgTP0b9hEYUI6WlwDpEQS7iAnqIc5E+mFX7AnqKxkRC17nLT2tFYFUc25kALhJ3RipghkZgfXm9FGcxSRRmSMqu63Dl50goihkpTC+ThCM8RH3S1TRBepmfT14p4LFWejBKha5EwYn6eyJHsZSjONSdMVIDOe+Nxf+8bqaicz+nCc8USfB0UZQxqFI4zgX2qCBYsZEmCAuqb4V4gATCSqdn6hDc+ZcXSatqu47t3tQq9ctZHGVwAI7ACXDBGaiDa9AATYDBI3gGr+DNeDJejHfjY9paMmYz++APjM8f7fCZGw==</latexit><latexit sha1_base64="BJMBTG0DKuLnENG1okUXfxTLoOM=">AAACCnicbVDLSsNAFJ3UV42vqEs3o0VwY0hKQd0V3bisYB/QxDCZTtqhk2SYmYglZO3GX3HjQhG3foE7/8bpY6GtBy4czrmXe+8JOaNSOc63UVpaXlldK6+bG5tb2zvW7l5LppnApIlTlopOiCRhNCFNRRUjHS4IikNG2uHwauy374mQNE1u1YgTP0b9hEYUI6WlwDpEQS7iAnqIc5E+mFX7AnqKxkRC17nLT2tFYFUc25kALhJ3RipghkZgfXm9FGcxSRRmSMqu63Dl50goihkpTC+ThCM8RH3S1TRBepmfT14p4LFWejBKha5EwYn6eyJHsZSjONSdMVIDOe+Nxf+8bqaicz+nCc8USfB0UZQxqFI4zgX2qCBYsZEmCAuqb4V4gATCSqdn6hDc+ZcXSatqu47t3tQq9ctZHGVwAI7ACXDBGaiDa9AATYDBI3gGr+DNeDJejHfjY9paMmYz++APjM8f7fCZGw==</latexit><latexit sha1_base64="BJMBTG0DKuLnENG1okUXfxTLoOM=">AAACCnicbVDLSsNAFJ3UV42vqEs3o0VwY0hKQd0V3bisYB/QxDCZTtqhk2SYmYglZO3GX3HjQhG3foE7/8bpY6GtBy4czrmXe+8JOaNSOc63UVpaXlldK6+bG5tb2zvW7l5LppnApIlTlopOiCRhNCFNRRUjHS4IikNG2uHwauy374mQNE1u1YgTP0b9hEYUI6WlwDpEQS7iAnqIc5E+mFX7AnqKxkRC17nLT2tFYFUc25kALhJ3RipghkZgfXm9FGcxSRRmSMqu63Dl50goihkpTC+ThCM8RH3S1TRBepmfT14p4LFWejBKha5EwYn6eyJHsZSjONSdMVIDOe+Nxf+8bqaicz+nCc8USfB0UZQxqFI4zgX2qCBYsZEmCAuqb4V4gATCSqdn6hDc+ZcXSatqu47t3tQq9ctZHGVwAI7ACXDBGaiDa9AATYDBI3gGr+DNeDJejHfjY9paMmYz++APjM8f7fCZGw==</latexit>

|1� ⌦|rm  2⇥ 10�6
<latexit sha1_base64="ITqZabIq6NYUZgFVUz5u1zxdJo4=">AAACE3icbVDLSgNBEJz1GeMr6tHLYBBESNgNoh6DXrwZwTwguy6zk04yZGZ3nZkVwib/4MVf8eJBEa9evPk3Th4HTSxoKKq66e4KYs6Utu1va2FxaXllNbOWXd/Y3NrO7ezWVJRIClUa8Ug2AqKAsxCqmmkOjVgCEQGHetC7HPn1B5CKReGt7sfgCdIJWZtRoo3k544H2MEF7F4L6BA88FMphjjrcrjHJexqJkBhx75LC6dDP5e3i/YYeJ44U5JHU1T83JfbimgiINSUE6Wajh1rLyVSM8phmHUTBTGhPdKBpqEhMcu8dPzTEB8apYXbkTQVajxWf0+kRCjVF4HpFER31aw3Ev/zmolun3spC+NEQ0gni9oJxzrCo4Bwi0mgmvcNIVQycyumXSIJ1SbGrAnBmX15ntRKRccuOjcn+fLFNI4M2kcH6Ag56AyV0RWqoCqi6BE9o1f0Zj1ZL9a79TFpXbCmM3voD6zPH7/Wm5I=</latexit><latexit sha1_base64="ITqZabIq6NYUZgFVUz5u1zxdJo4=">AAACE3icbVDLSgNBEJz1GeMr6tHLYBBESNgNoh6DXrwZwTwguy6zk04yZGZ3nZkVwib/4MVf8eJBEa9evPk3Th4HTSxoKKq66e4KYs6Utu1va2FxaXllNbOWXd/Y3NrO7ezWVJRIClUa8Ug2AqKAsxCqmmkOjVgCEQGHetC7HPn1B5CKReGt7sfgCdIJWZtRoo3k544H2MEF7F4L6BA88FMphjjrcrjHJexqJkBhx75LC6dDP5e3i/YYeJ44U5JHU1T83JfbimgiINSUE6Wajh1rLyVSM8phmHUTBTGhPdKBpqEhMcu8dPzTEB8apYXbkTQVajxWf0+kRCjVF4HpFER31aw3Ev/zmolun3spC+NEQ0gni9oJxzrCo4Bwi0mgmvcNIVQycyumXSIJ1SbGrAnBmX15ntRKRccuOjcn+fLFNI4M2kcH6Ag56AyV0RWqoCqi6BE9o1f0Zj1ZL9a79TFpXbCmM3voD6zPH7/Wm5I=</latexit><latexit sha1_base64="ITqZabIq6NYUZgFVUz5u1zxdJo4=">AAACE3icbVDLSgNBEJz1GeMr6tHLYBBESNgNoh6DXrwZwTwguy6zk04yZGZ3nZkVwib/4MVf8eJBEa9evPk3Th4HTSxoKKq66e4KYs6Utu1va2FxaXllNbOWXd/Y3NrO7ezWVJRIClUa8Ug2AqKAsxCqmmkOjVgCEQGHetC7HPn1B5CKReGt7sfgCdIJWZtRoo3k544H2MEF7F4L6BA88FMphjjrcrjHJexqJkBhx75LC6dDP5e3i/YYeJ44U5JHU1T83JfbimgiINSUE6Wajh1rLyVSM8phmHUTBTGhPdKBpqEhMcu8dPzTEB8apYXbkTQVajxWf0+kRCjVF4HpFER31aw3Ev/zmolun3spC+NEQ0gni9oJxzrCo4Bwi0mgmvcNIVQycyumXSIJ1SbGrAnBmX15ntRKRccuOjcn+fLFNI4M2kcH6Ag56AyV0RWqoCqi6BE9o1f0Zj1ZL9a79TFpXbCmM3voD6zPH7/Wm5I=</latexit><latexit sha1_base64="ITqZabIq6NYUZgFVUz5u1zxdJo4=">AAACE3icbVDLSgNBEJz1GeMr6tHLYBBESNgNoh6DXrwZwTwguy6zk04yZGZ3nZkVwib/4MVf8eJBEa9evPk3Th4HTSxoKKq66e4KYs6Utu1va2FxaXllNbOWXd/Y3NrO7ezWVJRIClUa8Ug2AqKAsxCqmmkOjVgCEQGHetC7HPn1B5CKReGt7sfgCdIJWZtRoo3k544H2MEF7F4L6BA88FMphjjrcrjHJexqJkBhx75LC6dDP5e3i/YYeJ44U5JHU1T83JfbimgiINSUE6Wajh1rLyVSM8phmHUTBTGhPdKBpqEhMcu8dPzTEB8apYXbkTQVajxWf0+kRCjVF4HpFER31aw3Ev/zmolun3spC+NEQ0gni9oJxzrCo4Bwi0mgmvcNIVQycyumXSIJ1SbGrAnBmX15ntRKRccuOjcn+fLFNI4M2kcH6Ag56AyV0RWqoCqi6BE9o1f0Zj1ZL9a79TFpXbCmM3voD6zPH7/Wm5I=</latexit>

|1� ⌦|nuc  7⇥ 10�16
<latexit sha1_base64="jORAJVgYP/R7JXxvlV6szlvVoo0=">AAACFXicbVDLSgNBEJz1GeMr6tHLYBA8mLAjYjwGvXgzgnlANobZSScZMju7zswKYZOf8OKvePGgiFfBm3/j5HHQxIKGoqqb7i4/Elwb1/12FhaXlldWU2vp9Y3Nre3Mzm5Fh7FiUGahCFXNpxoEl1A23AioRQpo4Auo+r3LkV99AKV5KG9NP4JGQDuStzmjxkrNzPEAE5zD3nUAHYoHzUTGbIjTnoB7XMCe4QFoTNy7JEfOhs1M1s27Y+B5QqYki6YoNTNfXitkcQDSMEG1rhM3Mo2EKsOZgGHaizVElPVoB+qWSmq3NZLxV0N8aJUWbofKljR4rP6eSGigdT/wbWdATVfPeiPxP68em/Z5I+Eyig1INlnUjgU2IR5FhFtcATOibwllittbMetSRZmxQaZtCGT25XlSOckTN09uTrPFi2kcKbSPDtARIqiAiugKlVAZMfSIntErenOenBfn3fmYtC4405k99AfO5w8VuZxD</latexit><latexit sha1_base64="jORAJVgYP/R7JXxvlV6szlvVoo0=">AAACFXicbVDLSgNBEJz1GeMr6tHLYBA8mLAjYjwGvXgzgnlANobZSScZMju7zswKYZOf8OKvePGgiFfBm3/j5HHQxIKGoqqb7i4/Elwb1/12FhaXlldWU2vp9Y3Nre3Mzm5Fh7FiUGahCFXNpxoEl1A23AioRQpo4Auo+r3LkV99AKV5KG9NP4JGQDuStzmjxkrNzPEAE5zD3nUAHYoHzUTGbIjTnoB7XMCe4QFoTNy7JEfOhs1M1s27Y+B5QqYki6YoNTNfXitkcQDSMEG1rhM3Mo2EKsOZgGHaizVElPVoB+qWSmq3NZLxV0N8aJUWbofKljR4rP6eSGigdT/wbWdATVfPeiPxP68em/Z5I+Eyig1INlnUjgU2IR5FhFtcATOibwllittbMetSRZmxQaZtCGT25XlSOckTN09uTrPFi2kcKbSPDtARIqiAiugKlVAZMfSIntErenOenBfn3fmYtC4405k99AfO5w8VuZxD</latexit><latexit sha1_base64="jORAJVgYP/R7JXxvlV6szlvVoo0=">AAACFXicbVDLSgNBEJz1GeMr6tHLYBA8mLAjYjwGvXgzgnlANobZSScZMju7zswKYZOf8OKvePGgiFfBm3/j5HHQxIKGoqqb7i4/Elwb1/12FhaXlldWU2vp9Y3Nre3Mzm5Fh7FiUGahCFXNpxoEl1A23AioRQpo4Auo+r3LkV99AKV5KG9NP4JGQDuStzmjxkrNzPEAE5zD3nUAHYoHzUTGbIjTnoB7XMCe4QFoTNy7JEfOhs1M1s27Y+B5QqYki6YoNTNfXitkcQDSMEG1rhM3Mo2EKsOZgGHaizVElPVoB+qWSmq3NZLxV0N8aJUWbofKljR4rP6eSGigdT/wbWdATVfPeiPxP68em/Z5I+Eyig1INlnUjgU2IR5FhFtcATOibwllittbMetSRZmxQaZtCGT25XlSOckTN09uTrPFi2kcKbSPDtARIqiAiugKlVAZMfSIntErenOenBfn3fmYtC4405k99AfO5w8VuZxD</latexit><latexit sha1_base64="jORAJVgYP/R7JXxvlV6szlvVoo0=">AAACFXicbVDLSgNBEJz1GeMr6tHLYBA8mLAjYjwGvXgzgnlANobZSScZMju7zswKYZOf8OKvePGgiFfBm3/j5HHQxIKGoqqb7i4/Elwb1/12FhaXlldWU2vp9Y3Nre3Mzm5Fh7FiUGahCFXNpxoEl1A23AioRQpo4Auo+r3LkV99AKV5KG9NP4JGQDuStzmjxkrNzPEAE5zD3nUAHYoHzUTGbIjTnoB7XMCe4QFoTNy7JEfOhs1M1s27Y+B5QqYki6YoNTNfXitkcQDSMEG1rhM3Mo2EKsOZgGHaizVElPVoB+qWSmq3NZLxV0N8aJUWbofKljR4rP6eSGigdT/wbWdATVfPeiPxP68em/Z5I+Eyig1INlnUjgU2IR5FhFtcATOibwllittbMetSRZmxQaZtCGT25XlSOckTN09uTrPFi2kcKbSPDtARIqiAiugKlVAZMfSIntErenOenBfn3fmYtC4405k99AfO5w8VuZxD</latexit>

anuc ⇡ 3.6⇥ 10�9
<latexit sha1_base64="CpkkWwzB6oyi61iuUZVaz0D05Jk=">AAACC3icbVC7TsMwFHXKq4RXgJHFaoXEQpQA4rFVsDAWiT6kJkSO67ZWHSeyHUQVZWfhV1gYQIiVH2Djb3DbDNBypCsdnXOv7r0nTBiVynG+jdLC4tLySnnVXFvf2NyytneaMk4FJg0cs1i0QyQJo5w0FFWMtBNBUBQy0gqHV2O/dU+EpDG/VaOE+BHqc9qjGCktBVYFBRlPcQ49lCQifjCP7VPoKRoRCV3nLju8yAOr6tjOBHCeuAWpggL1wPryujFOI8IVZkjKjuskys+QUBQzkpteKkmC8BD1SUdTjvQyP5v8ksN9rXRhLxa6uIIT9fdEhiIpR1GoOyOkBnLWG4v/eZ1U9c79jPIkVYTj6aJeyqCK4TgY2KWCYMVGmiAsqL4V4gESCCsdn6lDcGdfnifNI9t1bPfmpFq7LOIogz1QAQfABWegBq5BHTQABo/gGbyCN+PJeDHejY9pa8koZnbBHxifP8ExmY8=</latexit><latexit sha1_base64="CpkkWwzB6oyi61iuUZVaz0D05Jk=">AAACC3icbVC7TsMwFHXKq4RXgJHFaoXEQpQA4rFVsDAWiT6kJkSO67ZWHSeyHUQVZWfhV1gYQIiVH2Djb3DbDNBypCsdnXOv7r0nTBiVynG+jdLC4tLySnnVXFvf2NyytneaMk4FJg0cs1i0QyQJo5w0FFWMtBNBUBQy0gqHV2O/dU+EpDG/VaOE+BHqc9qjGCktBVYFBRlPcQ49lCQifjCP7VPoKRoRCV3nLju8yAOr6tjOBHCeuAWpggL1wPryujFOI8IVZkjKjuskys+QUBQzkpteKkmC8BD1SUdTjvQyP5v8ksN9rXRhLxa6uIIT9fdEhiIpR1GoOyOkBnLWG4v/eZ1U9c79jPIkVYTj6aJeyqCK4TgY2KWCYMVGmiAsqL4V4gESCCsdn6lDcGdfnifNI9t1bPfmpFq7LOIogz1QAQfABWegBq5BHTQABo/gGbyCN+PJeDHejY9pa8koZnbBHxifP8ExmY8=</latexit><latexit sha1_base64="CpkkWwzB6oyi61iuUZVaz0D05Jk=">AAACC3icbVC7TsMwFHXKq4RXgJHFaoXEQpQA4rFVsDAWiT6kJkSO67ZWHSeyHUQVZWfhV1gYQIiVH2Djb3DbDNBypCsdnXOv7r0nTBiVynG+jdLC4tLySnnVXFvf2NyytneaMk4FJg0cs1i0QyQJo5w0FFWMtBNBUBQy0gqHV2O/dU+EpDG/VaOE+BHqc9qjGCktBVYFBRlPcQ49lCQifjCP7VPoKRoRCV3nLju8yAOr6tjOBHCeuAWpggL1wPryujFOI8IVZkjKjuskys+QUBQzkpteKkmC8BD1SUdTjvQyP5v8ksN9rXRhLxa6uIIT9fdEhiIpR1GoOyOkBnLWG4v/eZ1U9c79jPIkVYTj6aJeyqCK4TgY2KWCYMVGmiAsqL4V4gESCCsdn6lDcGdfnifNI9t1bPfmpFq7LOIogz1QAQfABWegBq5BHTQABo/gGbyCN+PJeDHejY9pa8koZnbBHxifP8ExmY8=</latexit><latexit sha1_base64="CpkkWwzB6oyi61iuUZVaz0D05Jk=">AAACC3icbVC7TsMwFHXKq4RXgJHFaoXEQpQA4rFVsDAWiT6kJkSO67ZWHSeyHUQVZWfhV1gYQIiVH2Djb3DbDNBypCsdnXOv7r0nTBiVynG+jdLC4tLySnnVXFvf2NyytneaMk4FJg0cs1i0QyQJo5w0FFWMtBNBUBQy0gqHV2O/dU+EpDG/VaOE+BHqc9qjGCktBVYFBRlPcQ49lCQifjCP7VPoKRoRCV3nLju8yAOr6tjOBHCeuAWpggL1wPryujFOI8IVZkjKjuskys+QUBQzkpteKkmC8BD1SUdTjvQyP5v8ksN9rXRhLxa6uIIT9fdEhiIpR1GoOyOkBnLWG4v/eZ1U9c79jPIkVYTj6aJeyqCK4TgY2KWCYMVGmiAsqL4V4gESCCsdn6lDcGdfnifNI9t1bPfmpFq7LOIogz1QAQfABWegBq5BHTQABo/gGbyCN+PJeDHejY9pa8koZnbBHxifP8ExmY8=</latexit>

aP ⇡ 2⇥ 10�32
<latexit sha1_base64="h2TFW0j0clWqgqxPsKdQSY/v7BI=">AAACCHicbVC7TsMwFHV4lvAKMDJgUSGxUCUFCcYKFsYi0YfUhMhxndaq41i2g6iijiz8CgsDCLHyCWz8DW6bAVqOdKWjc+7VvfdEglGlXffbWlhcWl5ZLa3Z6xubW9vOzm5TpZnEpIFTlsp2hBRhlJOGppqRtpAEJREjrWhwNfZb90QqmvJbPRQkSFCP05hipI0UOgcozOsj6CMhZPpgV6GvaUIU9Ny7/OS0OgqdsltxJ4DzxCtIGRSoh86X301xlhCuMUNKdTxX6CBHUlPMyMj2M0UEwgPUIx1DOTLbgnzyyAgeGaUL41Sa4hpO1N8TOUqUGiaR6UyQ7qtZbyz+53UyHV8EOeUi04Tj6aI4Y1CncJwK7FJJsGZDQxCW1NwKcR9JhLXJzjYheLMvz5NmteK5Fe/mrFy7LOIogX1wCI6BB85BDVyDOmgADB7BM3gFb9aT9WK9Wx/T1gWrmNkDf2B9/gBgdJhC</latexit><latexit sha1_base64="h2TFW0j0clWqgqxPsKdQSY/v7BI=">AAACCHicbVC7TsMwFHV4lvAKMDJgUSGxUCUFCcYKFsYi0YfUhMhxndaq41i2g6iijiz8CgsDCLHyCWz8DW6bAVqOdKWjc+7VvfdEglGlXffbWlhcWl5ZLa3Z6xubW9vOzm5TpZnEpIFTlsp2hBRhlJOGppqRtpAEJREjrWhwNfZb90QqmvJbPRQkSFCP05hipI0UOgcozOsj6CMhZPpgV6GvaUIU9Ny7/OS0OgqdsltxJ4DzxCtIGRSoh86X301xlhCuMUNKdTxX6CBHUlPMyMj2M0UEwgPUIx1DOTLbgnzyyAgeGaUL41Sa4hpO1N8TOUqUGiaR6UyQ7qtZbyz+53UyHV8EOeUi04Tj6aI4Y1CncJwK7FJJsGZDQxCW1NwKcR9JhLXJzjYheLMvz5NmteK5Fe/mrFy7LOIogX1wCI6BB85BDVyDOmgADB7BM3gFb9aT9WK9Wx/T1gWrmNkDf2B9/gBgdJhC</latexit><latexit sha1_base64="h2TFW0j0clWqgqxPsKdQSY/v7BI=">AAACCHicbVC7TsMwFHV4lvAKMDJgUSGxUCUFCcYKFsYi0YfUhMhxndaq41i2g6iijiz8CgsDCLHyCWz8DW6bAVqOdKWjc+7VvfdEglGlXffbWlhcWl5ZLa3Z6xubW9vOzm5TpZnEpIFTlsp2hBRhlJOGppqRtpAEJREjrWhwNfZb90QqmvJbPRQkSFCP05hipI0UOgcozOsj6CMhZPpgV6GvaUIU9Ny7/OS0OgqdsltxJ4DzxCtIGRSoh86X301xlhCuMUNKdTxX6CBHUlPMyMj2M0UEwgPUIx1DOTLbgnzyyAgeGaUL41Sa4hpO1N8TOUqUGiaR6UyQ7qtZbyz+53UyHV8EOeUi04Tj6aI4Y1CncJwK7FJJsGZDQxCW1NwKcR9JhLXJzjYheLMvz5NmteK5Fe/mrFy7LOIogX1wCI6BB85BDVyDOmgADB7BM3gFb9aT9WK9Wx/T1gWrmNkDf2B9/gBgdJhC</latexit><latexit sha1_base64="h2TFW0j0clWqgqxPsKdQSY/v7BI=">AAACCHicbVC7TsMwFHV4lvAKMDJgUSGxUCUFCcYKFsYi0YfUhMhxndaq41i2g6iijiz8CgsDCLHyCWz8DW6bAVqOdKWjc+7VvfdEglGlXffbWlhcWl5ZLa3Z6xubW9vOzm5TpZnEpIFTlsp2hBRhlJOGppqRtpAEJREjrWhwNfZb90QqmvJbPRQkSFCP05hipI0UOgcozOsj6CMhZPpgV6GvaUIU9Ny7/OS0OgqdsltxJ4DzxCtIGRSoh86X301xlhCuMUNKdTxX6CBHUlPMyMj2M0UEwgPUIx1DOTLbgnzyyAgeGaUL41Sa4hpO1N8TOUqUGiaR6UyQ7qtZbyz+53UyHV8EOeUi04Tj6aI4Y1CncJwK7FJJsGZDQxCW1NwKcR9JhLXJzjYheLMvz5NmteK5Fe/mrFy7LOIogX1wCI6BB85BDVyDOmgADB7BM3gFb9aT9WK9Wx/T1gWrmNkDf2B9/gBgdJhC</latexit>

|1� ⌦|P  2⇥ 10�62
<latexit sha1_base64="ZVHCz+cwcP53yTONeFOzrhr8OH0=">AAACE3icbVDLSgNBEJz1GddX1KOXwSCIkLAbRD0GvXgzgnlAdl1mJ51kyOzDmVkhbPIPXvwVLx4U8erFm3/jJNmDJhY0FFXddHf5MWdSWda3sbC4tLyymlsz1zc2t7bzO7t1GSWCQo1GPBJNn0jgLISaYopDMxZAAp9Dw+9fjv3GAwjJovBWDWJwA9INWYdRorTk5Y+H2MZF7FwH0CV46KXVETYdDve4jB3FApDYtu7S4ml55OULVsmaAM8TOyMFlKHq5b+cdkSTAEJFOZGyZVuxclMiFKMcRqaTSIgJ7ZMutDQNid7mppOfRvhQK23ciYSuUOGJ+nsiJYGUg8DXnQFRPTnrjcX/vFaiOuduysI4URDS6aJOwrGK8Dgg3GYCqOIDTQgVTN+KaY8IQpWO0dQh2LMvz5N6uWRbJfvmpFC5yOLIoX10gI6Qjc5QBV2hKqohih7RM3pFb8aT8WK8Gx/T1gUjm9lDf2B8/gAsfJs1</latexit><latexit sha1_base64="ZVHCz+cwcP53yTONeFOzrhr8OH0=">AAACE3icbVDLSgNBEJz1GddX1KOXwSCIkLAbRD0GvXgzgnlAdl1mJ51kyOzDmVkhbPIPXvwVLx4U8erFm3/jJNmDJhY0FFXddHf5MWdSWda3sbC4tLyymlsz1zc2t7bzO7t1GSWCQo1GPBJNn0jgLISaYopDMxZAAp9Dw+9fjv3GAwjJovBWDWJwA9INWYdRorTk5Y+H2MZF7FwH0CV46KXVETYdDve4jB3FApDYtu7S4ml55OULVsmaAM8TOyMFlKHq5b+cdkSTAEJFOZGyZVuxclMiFKMcRqaTSIgJ7ZMutDQNid7mppOfRvhQK23ciYSuUOGJ+nsiJYGUg8DXnQFRPTnrjcX/vFaiOuduysI4URDS6aJOwrGK8Dgg3GYCqOIDTQgVTN+KaY8IQpWO0dQh2LMvz5N6uWRbJfvmpFC5yOLIoX10gI6Qjc5QBV2hKqohih7RM3pFb8aT8WK8Gx/T1gUjm9lDf2B8/gAsfJs1</latexit><latexit sha1_base64="ZVHCz+cwcP53yTONeFOzrhr8OH0=">AAACE3icbVDLSgNBEJz1GddX1KOXwSCIkLAbRD0GvXgzgnlAdl1mJ51kyOzDmVkhbPIPXvwVLx4U8erFm3/jJNmDJhY0FFXddHf5MWdSWda3sbC4tLyymlsz1zc2t7bzO7t1GSWCQo1GPBJNn0jgLISaYopDMxZAAp9Dw+9fjv3GAwjJovBWDWJwA9INWYdRorTk5Y+H2MZF7FwH0CV46KXVETYdDve4jB3FApDYtu7S4ml55OULVsmaAM8TOyMFlKHq5b+cdkSTAEJFOZGyZVuxclMiFKMcRqaTSIgJ7ZMutDQNid7mppOfRvhQK23ciYSuUOGJ+nsiJYGUg8DXnQFRPTnrjcX/vFaiOuduysI4URDS6aJOwrGK8Dgg3GYCqOIDTQgVTN+KaY8IQpWO0dQh2LMvz5N6uWRbJfvmpFC5yOLIoX10gI6Qjc5QBV2hKqohih7RM3pFb8aT8WK8Gx/T1gUjm9lDf2B8/gAsfJs1</latexit><latexit sha1_base64="ZVHCz+cwcP53yTONeFOzrhr8OH0=">AAACE3icbVDLSgNBEJz1GddX1KOXwSCIkLAbRD0GvXgzgnlAdl1mJ51kyOzDmVkhbPIPXvwVLx4U8erFm3/jJNmDJhY0FFXddHf5MWdSWda3sbC4tLyymlsz1zc2t7bzO7t1GSWCQo1GPBJNn0jgLISaYopDMxZAAp9Dw+9fjv3GAwjJovBWDWJwA9INWYdRorTk5Y+H2MZF7FwH0CV46KXVETYdDve4jB3FApDYtu7S4ml55OULVsmaAM8TOyMFlKHq5b+cdkSTAEJFOZGyZVuxclMiFKMcRqaTSIgJ7ZMutDQNid7mppOfRvhQK23ciYSuUOGJ+nsiJYGUg8DXnQFRPTnrjcX/vFaiOuduysI4URDS6aJOwrGK8Dgg3GYCqOIDTQgVTN+KaY8IQpWO0dQh2LMvz5N6uWRbJfvmpFC5yOLIoX10gI6Qjc5QBV2hKqohih7RM3pFb8aT8WK8Gx/T1gUjm9lDf2B8/gAsfJs1</latexit>

Ex: ~ Benchmark model
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10.1 O Problema da Planicidade

|1� ⌦|P  2⇥ 10�62
<latexit sha1_base64="ZVHCz+cwcP53yTONeFOzrhr8OH0=">AAACE3icbVDLSgNBEJz1GddX1KOXwSCIkLAbRD0GvXgzgnlAdl1mJ51kyOzDmVkhbPIPXvwVLx4U8erFm3/jJNmDJhY0FFXddHf5MWdSWda3sbC4tLyymlsz1zc2t7bzO7t1GSWCQo1GPBJNn0jgLISaYopDMxZAAp9Dw+9fjv3GAwjJovBWDWJwA9INWYdRorTk5Y+H2MZF7FwH0CV46KXVETYdDve4jB3FApDYtu7S4ml55OULVsmaAM8TOyMFlKHq5b+cdkSTAEJFOZGyZVuxclMiFKMcRqaTSIgJ7ZMutDQNid7mppOfRvhQK23ciYSuUOGJ+nsiJYGUg8DXnQFRPTnrjcX/vFaiOuduysI4URDS6aJOwrGK8Dgg3GYCqOIDTQgVTN+KaY8IQpWO0dQh2LMvz5N6uWRbJfvmpFC5yOLIoX10gI6Qjc5QBV2hKqohih7RM3pFb8aT8WK8Gx/T1gUjm9lDf2B8/gAsfJs1</latexit><latexit sha1_base64="ZVHCz+cwcP53yTONeFOzrhr8OH0=">AAACE3icbVDLSgNBEJz1GddX1KOXwSCIkLAbRD0GvXgzgnlAdl1mJ51kyOzDmVkhbPIPXvwVLx4U8erFm3/jJNmDJhY0FFXddHf5MWdSWda3sbC4tLyymlsz1zc2t7bzO7t1GSWCQo1GPBJNn0jgLISaYopDMxZAAp9Dw+9fjv3GAwjJovBWDWJwA9INWYdRorTk5Y+H2MZF7FwH0CV46KXVETYdDve4jB3FApDYtu7S4ml55OULVsmaAM8TOyMFlKHq5b+cdkSTAEJFOZGyZVuxclMiFKMcRqaTSIgJ7ZMutDQNid7mppOfRvhQK23ciYSuUOGJ+nsiJYGUg8DXnQFRPTnrjcX/vFaiOuduysI4URDS6aJOwrGK8Dgg3GYCqOIDTQgVTN+KaY8IQpWO0dQh2LMvz5N6uWRbJfvmpFC5yOLIoX10gI6Qjc5QBV2hKqohih7RM3pFb8aT8WK8Gx/T1gUjm9lDf2B8/gAsfJs1</latexit><latexit sha1_base64="ZVHCz+cwcP53yTONeFOzrhr8OH0=">AAACE3icbVDLSgNBEJz1GddX1KOXwSCIkLAbRD0GvXgzgnlAdl1mJ51kyOzDmVkhbPIPXvwVLx4U8erFm3/jJNmDJhY0FFXddHf5MWdSWda3sbC4tLyymlsz1zc2t7bzO7t1GSWCQo1GPBJNn0jgLISaYopDMxZAAp9Dw+9fjv3GAwjJovBWDWJwA9INWYdRorTk5Y+H2MZF7FwH0CV46KXVETYdDve4jB3FApDYtu7S4ml55OULVsmaAM8TOyMFlKHq5b+cdkSTAEJFOZGyZVuxclMiFKMcRqaTSIgJ7ZMutDQNid7mppOfRvhQK23ciYSuUOGJ+nsiJYGUg8DXnQFRPTnrjcX/vFaiOuduysI4URDS6aJOwrGK8Dgg3GYCqOIDTQgVTN+KaY8IQpWO0dQh2LMvz5N6uWRbJfvmpFC5yOLIoX10gI6Qjc5QBV2hKqohih7RM3pFb8aT8WK8Gx/T1gUjm9lDf2B8/gAsfJs1</latexit><latexit sha1_base64="ZVHCz+cwcP53yTONeFOzrhr8OH0=">AAACE3icbVDLSgNBEJz1GddX1KOXwSCIkLAbRD0GvXgzgnlAdl1mJ51kyOzDmVkhbPIPXvwVLx4U8erFm3/jJNmDJhY0FFXddHf5MWdSWda3sbC4tLyymlsz1zc2t7bzO7t1GSWCQo1GPBJNn0jgLISaYopDMxZAAp9Dw+9fjv3GAwjJovBWDWJwA9INWYdRorTk5Y+H2MZF7FwH0CV46KXVETYdDve4jB3FApDYtu7S4ml55OULVsmaAM8TOyMFlKHq5b+cdkSTAEJFOZGyZVuxclMiFKMcRqaTSIgJ7ZMutDQNid7mppOfRvhQK23ciYSuUOGJ+nsiJYGUg8DXnQFRPTnrjcX/vFaiOuduysI4URDS6aJOwrGK8Dgg3GYCqOIDTQgVTN+KaY8IQpWO0dQh2LMvz5N6uWRbJfvmpFC5yOLIoX10gI6Qjc5QBV2hKqohih7RM3pFb8aT8WK8Gx/T1gUjm9lDf2B8/gAsfJs1</latexit>

Para mudar a massa do Sol por esse fator, seria necessário 
adicionar / remover um vigésimo de um elétron.

Se |1 - Ω|nuc tivesse sido de uma parte em um milhão (ao 
invés de 1 em um quatrilhão), o Universo teria colapsado em 
um Big Crunch ou expandido em um Big Chill em apenas 
algumas décadas.

Considerações:
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O modelo do Big Bang não  explica a homogeneidade e 
isotropia em grande escala no Universo.

dp(t0) = c

Z t0

tls

dt

a(t)
<latexit sha1_base64="Ze87Zy15iT1EEz9Tx90zDMz/fS8=">AAACHnicbVDLSgMxFM34rOOr6tJNsAjtpsyIohuh6MZlBfuATh0ymbQNzWSG5I5QhvkSN/6KGxeKCK70b0wfC209JHByzr1J7gkSwTU4zre1tLyyurZe2LA3t7Z3dot7+00dp4qyBo1FrNoB0UxwyRrAQbB2ohiJAsFawfB67LcemNI8lncwSlg3In3Je5wSMJJfPAv9BJfBdyr4ElPb4xL8zCxPRVjoPL83Bye3sxCwF5uLMClDJfeLJafqTIAXiTsjJTRD3S9+emFM04hJoIJo3XGdBLoZUcCpYLntpZolhA5Jn3UMlSRiuptNxsvxsVFC3IuV2RLwRP3dkZFI61EUmMqIwEDPe2PxP6+TQu+im3GZpMAknT7USwWGGI+zwiFXjIIYGUKo4uavmA6IIhRMorYJwZ0feZE0T6quU3VvT0u1q1kcBXSIjlAZuegc1dANqqMGougRPaNX9GY9WS/Wu/UxLV2yZj0H6A+srx+zQqEC</latexit><latexit sha1_base64="Ze87Zy15iT1EEz9Tx90zDMz/fS8=">AAACHnicbVDLSgMxFM34rOOr6tJNsAjtpsyIohuh6MZlBfuATh0ymbQNzWSG5I5QhvkSN/6KGxeKCK70b0wfC209JHByzr1J7gkSwTU4zre1tLyyurZe2LA3t7Z3dot7+00dp4qyBo1FrNoB0UxwyRrAQbB2ohiJAsFawfB67LcemNI8lncwSlg3In3Je5wSMJJfPAv9BJfBdyr4ElPb4xL8zCxPRVjoPL83Bye3sxCwF5uLMClDJfeLJafqTIAXiTsjJTRD3S9+emFM04hJoIJo3XGdBLoZUcCpYLntpZolhA5Jn3UMlSRiuptNxsvxsVFC3IuV2RLwRP3dkZFI61EUmMqIwEDPe2PxP6+TQu+im3GZpMAknT7USwWGGI+zwiFXjIIYGUKo4uavmA6IIhRMorYJwZ0feZE0T6quU3VvT0u1q1kcBXSIjlAZuegc1dANqqMGougRPaNX9GY9WS/Wu/UxLV2yZj0H6A+srx+zQqEC</latexit><latexit sha1_base64="Ze87Zy15iT1EEz9Tx90zDMz/fS8=">AAACHnicbVDLSgMxFM34rOOr6tJNsAjtpsyIohuh6MZlBfuATh0ymbQNzWSG5I5QhvkSN/6KGxeKCK70b0wfC209JHByzr1J7gkSwTU4zre1tLyyurZe2LA3t7Z3dot7+00dp4qyBo1FrNoB0UxwyRrAQbB2ohiJAsFawfB67LcemNI8lncwSlg3In3Je5wSMJJfPAv9BJfBdyr4ElPb4xL8zCxPRVjoPL83Bye3sxCwF5uLMClDJfeLJafqTIAXiTsjJTRD3S9+emFM04hJoIJo3XGdBLoZUcCpYLntpZolhA5Jn3UMlSRiuptNxsvxsVFC3IuV2RLwRP3dkZFI61EUmMqIwEDPe2PxP6+TQu+im3GZpMAknT7USwWGGI+zwiFXjIIYGUKo4uavmA6IIhRMorYJwZ0feZE0T6quU3VvT0u1q1kcBXSIjlAZuegc1dANqqMGougRPaNX9GY9WS/Wu/UxLV2yZj0H6A+srx+zQqEC</latexit><latexit sha1_base64="Ze87Zy15iT1EEz9Tx90zDMz/fS8=">AAACHnicbVDLSgMxFM34rOOr6tJNsAjtpsyIohuh6MZlBfuATh0ymbQNzWSG5I5QhvkSN/6KGxeKCK70b0wfC209JHByzr1J7gkSwTU4zre1tLyyurZe2LA3t7Z3dot7+00dp4qyBo1FrNoB0UxwyRrAQbB2ohiJAsFawfB67LcemNI8lncwSlg3In3Je5wSMJJfPAv9BJfBdyr4ElPb4xL8zCxPRVjoPL83Bye3sxCwF5uLMClDJfeLJafqTIAXiTsjJTRD3S9+emFM04hJoIJo3XGdBLoZUcCpYLntpZolhA5Jn3UMlSRiuptNxsvxsVFC3IuV2RLwRP3dkZFI61EUmMqIwEDPe2PxP6+TQu+im3GZpMAknT7USwWGGI+zwiFXjIIYGUKo4uavmA6IIhRMorYJwZ0feZE0T6quU3VvT0u1q1kcBXSIjlAZuegc1dANqqMGougRPaNX9GY9WS/Wu/UxLV2yZj0H6A+srx+zQqEC</latexit>

Distância própria atual até a 
última superfície de 
espalhamento (LS) da CMBR:

Modelo Benchmark:

t
ls

⌧ t
0

) dp(t0) . d
hor

(t
0

)
<latexit sha1_base64="jp8JFYzzmTRGWdWmTqSTei0LJfU=">AAACLHicbVBNS8NAFNz4bfyqevSyWIR6KYkIeiz24lHFaqEJYbPdtou72bD7opTQH+TFvyKIB0W8+jvcxBy0dWBhmHnD2zdxKrgBz3t35uYXFpeWV1bdtfWNza3a9s6NUZmmrEOVULobE8MET1gHOAjWTTUjMhbsNr5rF/7tPdOGq+QaxikLJRkmfMApAStFtTZEeaAlFmaCAyEwRB52gys+HAHRWj24/ShtWPHQuswYw6VVysRI6UnpuFGt7jW9EniW+BWpowoXUe0l6CuaSZYAFcSYnu+lEOZEA6eCTdwgMywl9I4MWc/ShEhmwrw8doIPrNLHA6XtSwCX6u9ETqQxYxnbSUlgZKa9QvzP62UwOA1znqQZsIT+LBpkthKFi+Zwn2tGQYwtIVRz+1dMR0QTCrbfogR/+uRZcnPU9L2mf3lcb51VdaygPbSPGshHJ6iFztEF6iCKHtEzekPvzpPz6nw4nz+jc06V2UV/4Hx9Ayclpkg=</latexit><latexit sha1_base64="jp8JFYzzmTRGWdWmTqSTei0LJfU=">AAACLHicbVBNS8NAFNz4bfyqevSyWIR6KYkIeiz24lHFaqEJYbPdtou72bD7opTQH+TFvyKIB0W8+jvcxBy0dWBhmHnD2zdxKrgBz3t35uYXFpeWV1bdtfWNza3a9s6NUZmmrEOVULobE8MET1gHOAjWTTUjMhbsNr5rF/7tPdOGq+QaxikLJRkmfMApAStFtTZEeaAlFmaCAyEwRB52gys+HAHRWj24/ShtWPHQuswYw6VVysRI6UnpuFGt7jW9EniW+BWpowoXUe0l6CuaSZYAFcSYnu+lEOZEA6eCTdwgMywl9I4MWc/ShEhmwrw8doIPrNLHA6XtSwCX6u9ETqQxYxnbSUlgZKa9QvzP62UwOA1znqQZsIT+LBpkthKFi+Zwn2tGQYwtIVRz+1dMR0QTCrbfogR/+uRZcnPU9L2mf3lcb51VdaygPbSPGshHJ6iFztEF6iCKHtEzekPvzpPz6nw4nz+jc06V2UV/4Hx9Ayclpkg=</latexit><latexit sha1_base64="jp8JFYzzmTRGWdWmTqSTei0LJfU=">AAACLHicbVBNS8NAFNz4bfyqevSyWIR6KYkIeiz24lHFaqEJYbPdtou72bD7opTQH+TFvyKIB0W8+jvcxBy0dWBhmHnD2zdxKrgBz3t35uYXFpeWV1bdtfWNza3a9s6NUZmmrEOVULobE8MET1gHOAjWTTUjMhbsNr5rF/7tPdOGq+QaxikLJRkmfMApAStFtTZEeaAlFmaCAyEwRB52gys+HAHRWj24/ShtWPHQuswYw6VVysRI6UnpuFGt7jW9EniW+BWpowoXUe0l6CuaSZYAFcSYnu+lEOZEA6eCTdwgMywl9I4MWc/ShEhmwrw8doIPrNLHA6XtSwCX6u9ETqQxYxnbSUlgZKa9QvzP62UwOA1znqQZsIT+LBpkthKFi+Zwn2tGQYwtIVRz+1dMR0QTCrbfogR/+uRZcnPU9L2mf3lcb51VdaygPbSPGshHJ6iFztEF6iCKHtEzekPvzpPz6nw4nz+jc06V2UV/4Hx9Ayclpkg=</latexit><latexit sha1_base64="jp8JFYzzmTRGWdWmTqSTei0LJfU=">AAACLHicbVBNS8NAFNz4bfyqevSyWIR6KYkIeiz24lHFaqEJYbPdtou72bD7opTQH+TFvyKIB0W8+jvcxBy0dWBhmHnD2zdxKrgBz3t35uYXFpeWV1bdtfWNza3a9s6NUZmmrEOVULobE8MET1gHOAjWTTUjMhbsNr5rF/7tPdOGq+QaxikLJRkmfMApAStFtTZEeaAlFmaCAyEwRB52gys+HAHRWj24/ShtWPHQuswYw6VVysRI6UnpuFGt7jW9EniW+BWpowoXUe0l6CuaSZYAFcSYnu+lEOZEA6eCTdwgMywl9I4MWc/ShEhmwrw8doIPrNLHA6XtSwCX6u9ETqQxYxnbSUlgZKa9QvzP62UwOA1znqQZsIT+LBpkthKFi+Zwn2tGQYwtIVRz+1dMR0QTCrbfogR/+uRZcnPU9L2mf3lcb51VdaygPbSPGshHJ6iFztEF6iCKHtEzekPvzpPz6nw4nz+jc06V2UV/4Hx9Ayclpkg=</latexit>

dp(t0) = 0.98d
hor

(t
0

)
<latexit sha1_base64="mHiyONhd1FsXs4p82+zPRkPk/B4=">AAACCnicbVDLSsNAFJ34rPUVdelmtAh1EyYiWBdC0Y3LCvYBbQiTyaQdOnkwMxFK6NqNv+LGhSJu/QJ3/o2TNAttPXDhcM693HuPl3AmFULfxtLyyuraemWjurm1vbNr7u13ZJwKQtsk5rHoeVhSziLaVkxx2ksExaHHadcb3+R+94EKyeLoXk0S6oR4GLGAEay05JpHvpvUlYtO4RVE1mUD+m42ECEcxWJa6FXXrCELFYCLxC5JDZRouebXwI9JGtJIEY6l7NsoUU6GhWKE02l1kEqaYDLGQ9rXNMIhlU5WvDKFJ1rxYRALXZGChfp7IsOhlJPQ050hViM57+Xif14/VUHDyViUpIpGZLYoSDlUMcxzgT4TlCg+0QQTwfStkIywwETp9PIQ7PmXF0nnzLKRZd+d15rXZRwVcAiOQR3Y4AI0wS1ogTYg4BE8g1fwZjwZL8a78TFrXTLKmQPwB8bnD5S9l6U=</latexit><latexit sha1_base64="mHiyONhd1FsXs4p82+zPRkPk/B4=">AAACCnicbVDLSsNAFJ34rPUVdelmtAh1EyYiWBdC0Y3LCvYBbQiTyaQdOnkwMxFK6NqNv+LGhSJu/QJ3/o2TNAttPXDhcM693HuPl3AmFULfxtLyyuraemWjurm1vbNr7u13ZJwKQtsk5rHoeVhSziLaVkxx2ksExaHHadcb3+R+94EKyeLoXk0S6oR4GLGAEay05JpHvpvUlYtO4RVE1mUD+m42ECEcxWJa6FXXrCELFYCLxC5JDZRouebXwI9JGtJIEY6l7NsoUU6GhWKE02l1kEqaYDLGQ9rXNMIhlU5WvDKFJ1rxYRALXZGChfp7IsOhlJPQ050hViM57+Xif14/VUHDyViUpIpGZLYoSDlUMcxzgT4TlCg+0QQTwfStkIywwETp9PIQ7PmXF0nnzLKRZd+d15rXZRwVcAiOQR3Y4AI0wS1ogTYg4BE8g1fwZjwZL8a78TFrXTLKmQPwB8bnD5S9l6U=</latexit><latexit sha1_base64="mHiyONhd1FsXs4p82+zPRkPk/B4=">AAACCnicbVDLSsNAFJ34rPUVdelmtAh1EyYiWBdC0Y3LCvYBbQiTyaQdOnkwMxFK6NqNv+LGhSJu/QJ3/o2TNAttPXDhcM693HuPl3AmFULfxtLyyuraemWjurm1vbNr7u13ZJwKQtsk5rHoeVhSziLaVkxx2ksExaHHadcb3+R+94EKyeLoXk0S6oR4GLGAEay05JpHvpvUlYtO4RVE1mUD+m42ECEcxWJa6FXXrCELFYCLxC5JDZRouebXwI9JGtJIEY6l7NsoUU6GhWKE02l1kEqaYDLGQ9rXNMIhlU5WvDKFJ1rxYRALXZGChfp7IsOhlJPQ050hViM57+Xif14/VUHDyViUpIpGZLYoSDlUMcxzgT4TlCg+0QQTwfStkIywwETp9PIQ7PmXF0nnzLKRZd+d15rXZRwVcAiOQR3Y4AI0wS1ogTYg4BE8g1fwZjwZL8a78TFrXTLKmQPwB8bnD5S9l6U=</latexit><latexit sha1_base64="mHiyONhd1FsXs4p82+zPRkPk/B4=">AAACCnicbVDLSsNAFJ34rPUVdelmtAh1EyYiWBdC0Y3LCvYBbQiTyaQdOnkwMxFK6NqNv+LGhSJu/QJ3/o2TNAttPXDhcM693HuPl3AmFULfxtLyyuraemWjurm1vbNr7u13ZJwKQtsk5rHoeVhSziLaVkxx2ksExaHHadcb3+R+94EKyeLoXk0S6oR4GLGAEay05JpHvpvUlYtO4RVE1mUD+m42ECEcxWJa6FXXrCELFYCLxC5JDZRouebXwI9JGtJIEY6l7NsoUU6GhWKE02l1kEqaYDLGQ9rXNMIhlU5WvDKFJ1rxYRALXZGChfp7IsOhlJPQ050hViM57+Xif14/VUHDyViUpIpGZLYoSDlUMcxzgT4TlCg+0QQTwfStkIywwETp9PIQ7PmXF0nnzLKRZd+d15rXZRwVcAiOQR3Y4AI0wS1ogTYg4BE8g1fwZjwZL8a78TFrXTLKmQPwB8bnD5S9l6U=</latexit>
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Separação entre dois pontos antipodais da LS:

dp(t0) = 0.98d
hor

(t
0

)
<latexit sha1_base64="mHiyONhd1FsXs4p82+zPRkPk/B4=">AAACCnicbVDLSsNAFJ34rPUVdelmtAh1EyYiWBdC0Y3LCvYBbQiTyaQdOnkwMxFK6NqNv+LGhSJu/QJ3/o2TNAttPXDhcM693HuPl3AmFULfxtLyyuraemWjurm1vbNr7u13ZJwKQtsk5rHoeVhSziLaVkxx2ksExaHHadcb3+R+94EKyeLoXk0S6oR4GLGAEay05JpHvpvUlYtO4RVE1mUD+m42ECEcxWJa6FXXrCELFYCLxC5JDZRouebXwI9JGtJIEY6l7NsoUU6GhWKE02l1kEqaYDLGQ9rXNMIhlU5WvDKFJ1rxYRALXZGChfp7IsOhlJPQ050hViM57+Xif14/VUHDyViUpIpGZLYoSDlUMcxzgT4TlCg+0QQTwfStkIywwETp9PIQ7PmXF0nnzLKRZd+d15rXZRwVcAiOQR3Y4AI0wS1ogTYg4BE8g1fwZjwZL8a78TFrXTLKmQPwB8bnD5S9l6U=</latexit><latexit sha1_base64="mHiyONhd1FsXs4p82+zPRkPk/B4=">AAACCnicbVDLSsNAFJ34rPUVdelmtAh1EyYiWBdC0Y3LCvYBbQiTyaQdOnkwMxFK6NqNv+LGhSJu/QJ3/o2TNAttPXDhcM693HuPl3AmFULfxtLyyuraemWjurm1vbNr7u13ZJwKQtsk5rHoeVhSziLaVkxx2ksExaHHadcb3+R+94EKyeLoXk0S6oR4GLGAEay05JpHvpvUlYtO4RVE1mUD+m42ECEcxWJa6FXXrCELFYCLxC5JDZRouebXwI9JGtJIEY6l7NsoUU6GhWKE02l1kEqaYDLGQ9rXNMIhlU5WvDKFJ1rxYRALXZGChfp7IsOhlJPQ050hViM57+Xif14/VUHDyViUpIpGZLYoSDlUMcxzgT4TlCg+0QQTwfStkIywwETp9PIQ7PmXF0nnzLKRZd+d15rXZRwVcAiOQR3Y4AI0wS1ogTYg4BE8g1fwZjwZL8a78TFrXTLKmQPwB8bnD5S9l6U=</latexit><latexit sha1_base64="mHiyONhd1FsXs4p82+zPRkPk/B4=">AAACCnicbVDLSsNAFJ34rPUVdelmtAh1EyYiWBdC0Y3LCvYBbQiTyaQdOnkwMxFK6NqNv+LGhSJu/QJ3/o2TNAttPXDhcM693HuPl3AmFULfxtLyyuraemWjurm1vbNr7u13ZJwKQtsk5rHoeVhSziLaVkxx2ksExaHHadcb3+R+94EKyeLoXk0S6oR4GLGAEay05JpHvpvUlYtO4RVE1mUD+m42ECEcxWJa6FXXrCELFYCLxC5JDZRouebXwI9JGtJIEY6l7NsoUU6GhWKE02l1kEqaYDLGQ9rXNMIhlU5WvDKFJ1rxYRALXZGChfp7IsOhlJPQ050hViM57+Xif14/VUHDyViUpIpGZLYoSDlUMcxzgT4TlCg+0QQTwfStkIywwETp9PIQ7PmXF0nnzLKRZd+d15rXZRwVcAiOQR3Y4AI0wS1ogTYg4BE8g1fwZjwZL8a78TFrXTLKmQPwB8bnD5S9l6U=</latexit><latexit sha1_base64="mHiyONhd1FsXs4p82+zPRkPk/B4=">AAACCnicbVDLSsNAFJ34rPUVdelmtAh1EyYiWBdC0Y3LCvYBbQiTyaQdOnkwMxFK6NqNv+LGhSJu/QJ3/o2TNAttPXDhcM693HuPl3AmFULfxtLyyuraemWjurm1vbNr7u13ZJwKQtsk5rHoeVhSziLaVkxx2ksExaHHadcb3+R+94EKyeLoXk0S6oR4GLGAEay05JpHvpvUlYtO4RVE1mUD+m42ECEcxWJa6FXXrCELFYCLxC5JDZRouebXwI9JGtJIEY6l7NsoUU6GhWKE02l1kEqaYDLGQ9rXNMIhlU5WvDKFJ1rxYRALXZGChfp7IsOhlJPQ050hViM57+Xif14/VUHDyViUpIpGZLYoSDlUMcxzgT4TlCg+0QQTwfStkIywwETp9PIQ7PmXF0nnzLKRZd+d15rXZRwVcAiOQR3Y4AI0wS1ogTYg4BE8g1fwZjwZL8a78TFrXTLKmQPwB8bnD5S9l6U=</latexit>

10.2 O Problema do Horizonte

dp(t0)[180
�] = 1.96d

hor

(t
0

)
<latexit sha1_base64="uVwBjE/ZiSul/pMbpbIC8KV5UQU=">AAACGHicbVDLSsNAFJ34rPUVdelmsAh1ExMRrQuh6MZlBfuAJIbJZNIOnTyYmQgl5DPc+CtuXCjitjv/xiTNQlsPDBzOOZc797gxo0Lq+reytLyyurZe26hvbm3v7Kp7+z0RJRyTLo5YxAcuEoTRkHQllYwMYk5Q4DLSd8e3hd9/IlzQKHyQk5jYARqG1KcYyVxy1FPPiZvS0U+gabT0x9TClOPMhtfQ0K4uoOekFg/gKOJZmao7akPX9BJwkRgVaYAKHUedWl6Ek4CEEjMkhGnosbRTxCXFjGR1KxEkRniMhsTMaYgCIuy0PCyDx7niQT/i+QslLNXfEykKhJgEbp4MkByJea8Q//PMRPotO6VhnEgS4tkiP2FQRrBoCXqUEyzZJCcIc5r/FeIR4gjLvMuiBGP+5EXSO9MMXTPuzxvtm6qOGjgER6AJDHAJ2uAOdEAXYPAMXsE7+FBelDflU/maRZeUauYA/IEy/QGMNpz0</latexit><latexit sha1_base64="uVwBjE/ZiSul/pMbpbIC8KV5UQU=">AAACGHicbVDLSsNAFJ34rPUVdelmsAh1ExMRrQuh6MZlBfuAJIbJZNIOnTyYmQgl5DPc+CtuXCjitjv/xiTNQlsPDBzOOZc797gxo0Lq+reytLyyurZe26hvbm3v7Kp7+z0RJRyTLo5YxAcuEoTRkHQllYwMYk5Q4DLSd8e3hd9/IlzQKHyQk5jYARqG1KcYyVxy1FPPiZvS0U+gabT0x9TClOPMhtfQ0K4uoOekFg/gKOJZmao7akPX9BJwkRgVaYAKHUedWl6Ek4CEEjMkhGnosbRTxCXFjGR1KxEkRniMhsTMaYgCIuy0PCyDx7niQT/i+QslLNXfEykKhJgEbp4MkByJea8Q//PMRPotO6VhnEgS4tkiP2FQRrBoCXqUEyzZJCcIc5r/FeIR4gjLvMuiBGP+5EXSO9MMXTPuzxvtm6qOGjgER6AJDHAJ2uAOdEAXYPAMXsE7+FBelDflU/maRZeUauYA/IEy/QGMNpz0</latexit><latexit sha1_base64="uVwBjE/ZiSul/pMbpbIC8KV5UQU=">AAACGHicbVDLSsNAFJ34rPUVdelmsAh1ExMRrQuh6MZlBfuAJIbJZNIOnTyYmQgl5DPc+CtuXCjitjv/xiTNQlsPDBzOOZc797gxo0Lq+reytLyyurZe26hvbm3v7Kp7+z0RJRyTLo5YxAcuEoTRkHQllYwMYk5Q4DLSd8e3hd9/IlzQKHyQk5jYARqG1KcYyVxy1FPPiZvS0U+gabT0x9TClOPMhtfQ0K4uoOekFg/gKOJZmao7akPX9BJwkRgVaYAKHUedWl6Ek4CEEjMkhGnosbRTxCXFjGR1KxEkRniMhsTMaYgCIuy0PCyDx7niQT/i+QslLNXfEykKhJgEbp4MkByJea8Q//PMRPotO6VhnEgS4tkiP2FQRrBoCXqUEyzZJCcIc5r/FeIR4gjLvMuiBGP+5EXSO9MMXTPuzxvtm6qOGjgER6AJDHAJ2uAOdEAXYPAMXsE7+FBelDflU/maRZeUauYA/IEy/QGMNpz0</latexit><latexit sha1_base64="uVwBjE/ZiSul/pMbpbIC8KV5UQU=">AAACGHicbVDLSsNAFJ34rPUVdelmsAh1ExMRrQuh6MZlBfuAJIbJZNIOnTyYmQgl5DPc+CtuXCjitjv/xiTNQlsPDBzOOZc797gxo0Lq+reytLyyurZe26hvbm3v7Kp7+z0RJRyTLo5YxAcuEoTRkHQllYwMYk5Q4DLSd8e3hd9/IlzQKHyQk5jYARqG1KcYyVxy1FPPiZvS0U+gabT0x9TClOPMhtfQ0K4uoOekFg/gKOJZmao7akPX9BJwkRgVaYAKHUedWl6Ek4CEEjMkhGnosbRTxCXFjGR1KxEkRniMhsTMaYgCIuy0PCyDx7niQT/i+QslLNXfEykKhJgEbp4MkByJea8Q//PMRPotO6VhnEgS4tkiP2FQRrBoCXqUEyzZJCcIc5r/FeIR4gjLvMuiBGP+5EXSO9MMXTPuzxvtm6qOGjgER6AJDHAJ2uAOdEAXYPAMXsE7+FBelDflU/maRZeUauYA/IEy/QGMNpz0</latexit>

Do observador até um ponto da LS:

Introduction to Cosmology (Ryden, 2017)

Como a distância entre dois pontos antipodais 
da LS é maior do que a distância ao horizonte, 
esses pontos estão desconectados causalmente.

Não houve tempo para que 
essas duas regiões entrassem 
em equilíbrio termodinâmico.

(Mas elas têm a mesma temperatura, dentro 
de 1 parte em 105).



32 D. Baumann (Cosmology, Part III Mathematical Tripos)  

singularidade

dhor(t0) = 14 Gpc
10.2 O Problema do Horizonte



33 D. Baumann (Cosmology, Part III Mathematical Tripos)  

singularidade

dhor(t0)

dpLSS(t0) =0.98 dhor(t0)
10.2 O Problema do Horizonte



34 D. Baumann (Cosmology, Part III Mathematical Tripos)  

singularidade

1.96 dhor(t0)

dhor(t0)10.2 O Problema do Horizonte
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Pontos separados por mais do que 0.251 Mpc 
nessa época não estavam em contato causal.

10.2 O Problema do Horizonte

Na época do LS (Ryden, eq. 8.56):

d
hor

(t
ls

) = 0.251 Mpc
<latexit sha1_base64="+Bd3FW0+0xsMkFMiNvQZEhbLckA=">AAACFnicbZDLSsNAFIYnXmu8RV26GSxCXViSouhGKLpxI1SwF2hDmEwm7dDJhZmJUEJ8CTe+ihsXirgVd76NkzQLbf1h4OM/53Dm/G7MqJCm+a0tLC4tr6xW1vT1jc2tbWNntyOihGPSxhGLeM9FgjAakrakkpFezAkKXEa67vgqr3fvCRc0Cu/kJCZ2gIYh9SlGUlmOcQw9Jx3wAI4intXklJnIjuAF1M1649SCD4V3E+NMd4yqWTcLwXmwSqiCUi3H+Bp4EU4CEkrMkBB9y4ylnSIuKWYk0weJIDHCYzQkfYUhCoiw0+KsDB4qx4N+xNULJSzc3xMpCoSYBK7qDJAcidlabv5X6yfSP7dTGsaJJCGeLvITBmUE84ygRznBkk0UIMyp+ivEI8QRlirJPARr9uR56DTqllm3bk+qzcsyjgrYBwegBixwBprgGrRAG2DwCJ7BK3jTnrQX7V37mLYuaOXMHvgj7fMHNkyc2g==</latexit><latexit sha1_base64="+Bd3FW0+0xsMkFMiNvQZEhbLckA=">AAACFnicbZDLSsNAFIYnXmu8RV26GSxCXViSouhGKLpxI1SwF2hDmEwm7dDJhZmJUEJ8CTe+ihsXirgVd76NkzQLbf1h4OM/53Dm/G7MqJCm+a0tLC4tr6xW1vT1jc2tbWNntyOihGPSxhGLeM9FgjAakrakkpFezAkKXEa67vgqr3fvCRc0Cu/kJCZ2gIYh9SlGUlmOcQw9Jx3wAI4intXklJnIjuAF1M1649SCD4V3E+NMd4yqWTcLwXmwSqiCUi3H+Bp4EU4CEkrMkBB9y4ylnSIuKWYk0weJIDHCYzQkfYUhCoiw0+KsDB4qx4N+xNULJSzc3xMpCoSYBK7qDJAcidlabv5X6yfSP7dTGsaJJCGeLvITBmUE84ygRznBkk0UIMyp+ivEI8QRlirJPARr9uR56DTqllm3bk+qzcsyjgrYBwegBixwBprgGrRAG2DwCJ7BK3jTnrQX7V37mLYuaOXMHvgj7fMHNkyc2g==</latexit><latexit sha1_base64="+Bd3FW0+0xsMkFMiNvQZEhbLckA=">AAACFnicbZDLSsNAFIYnXmu8RV26GSxCXViSouhGKLpxI1SwF2hDmEwm7dDJhZmJUEJ8CTe+ihsXirgVd76NkzQLbf1h4OM/53Dm/G7MqJCm+a0tLC4tr6xW1vT1jc2tbWNntyOihGPSxhGLeM9FgjAakrakkpFezAkKXEa67vgqr3fvCRc0Cu/kJCZ2gIYh9SlGUlmOcQw9Jx3wAI4intXklJnIjuAF1M1649SCD4V3E+NMd4yqWTcLwXmwSqiCUi3H+Bp4EU4CEkrMkBB9y4ylnSIuKWYk0weJIDHCYzQkfYUhCoiw0+KsDB4qx4N+xNULJSzc3xMpCoSYBK7qDJAcidlabv5X6yfSP7dTGsaJJCGeLvITBmUE84ygRznBkk0UIMyp+ivEI8QRlirJPARr9uR56DTqllm3bk+qzcsyjgrYBwegBixwBprgGrRAG2DwCJ7BK3jTnrQX7V37mLYuaOXMHvgj7fMHNkyc2g==</latexit><latexit sha1_base64="+Bd3FW0+0xsMkFMiNvQZEhbLckA=">AAACFnicbZDLSsNAFIYnXmu8RV26GSxCXViSouhGKLpxI1SwF2hDmEwm7dDJhZmJUEJ8CTe+ihsXirgVd76NkzQLbf1h4OM/53Dm/G7MqJCm+a0tLC4tr6xW1vT1jc2tbWNntyOihGPSxhGLeM9FgjAakrakkpFezAkKXEa67vgqr3fvCRc0Cu/kJCZ2gIYh9SlGUlmOcQw9Jx3wAI4intXklJnIjuAF1M1649SCD4V3E+NMd4yqWTcLwXmwSqiCUi3H+Bp4EU4CEkrMkBB9y4ylnSIuKWYk0weJIDHCYzQkfYUhCoiw0+KsDB4qx4N+xNULJSzc3xMpCoSYBK7qDJAcidlabv5X6yfSP7dTGsaJJCGeLvITBmUE84ygRznBkk0UIMyp+ivEI8QRlirJPARr9uR56DTqllm3bk+qzcsyjgrYBwegBixwBprgGrRAG2DwCJ7BK3jTnrQX7V37mLYuaOXMHvgj7fMHNkyc2g==</latexit>

dA ⇡ 12.8 Mpc
<latexit sha1_base64="QMSpuuYhGa/PzGlg8ECuk1nx26c=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgKiRFsMuqGzdCBfuANoTJZNIOnSTDzEQsoW7c+CtuXCji1m9w5984abPQ1gMXDufcy733+JxRqWz72ygtLa+srpXXKxubW9s75u5eWyapwKSFE5aIro8kYTQmLUUVI10uCIp8Rjr+6DL3O3dESJrEt2rMiRuhQUxDipHSkmcewsA7h33EuUjuoVOz6vAh64sIXnM8qXhm1bbsKeAicQpSBQWanvnVDxKcRiRWmCEpe47NlZshoShmZFLpp5JwhEdoQHqaxigi0s2mb0zgsVYCGCZCV6zgVP09kaFIynHk684IqaGc93LxP6+XqrDuZjTmqSIxni0KUwZVAvNMYEAFwYqNNUFYUH0rxEMkEFY6uTwEZ/7lRdKuWY5tOTen1cZFEUcZHIAjcAIccAYa4Ao0QQtg8AiewSt4M56MF+Pd+Ji1loxiZh/8gfH5Azitlws=</latexit><latexit sha1_base64="QMSpuuYhGa/PzGlg8ECuk1nx26c=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgKiRFsMuqGzdCBfuANoTJZNIOnSTDzEQsoW7c+CtuXCji1m9w5984abPQ1gMXDufcy733+JxRqWz72ygtLa+srpXXKxubW9s75u5eWyapwKSFE5aIro8kYTQmLUUVI10uCIp8Rjr+6DL3O3dESJrEt2rMiRuhQUxDipHSkmcewsA7h33EuUjuoVOz6vAh64sIXnM8qXhm1bbsKeAicQpSBQWanvnVDxKcRiRWmCEpe47NlZshoShmZFLpp5JwhEdoQHqaxigi0s2mb0zgsVYCGCZCV6zgVP09kaFIynHk684IqaGc93LxP6+XqrDuZjTmqSIxni0KUwZVAvNMYEAFwYqNNUFYUH0rxEMkEFY6uTwEZ/7lRdKuWY5tOTen1cZFEUcZHIAjcAIccAYa4Ao0QQtg8AiewSt4M56MF+Pd+Ji1loxiZh/8gfH5Azitlws=</latexit><latexit sha1_base64="QMSpuuYhGa/PzGlg8ECuk1nx26c=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgKiRFsMuqGzdCBfuANoTJZNIOnSTDzEQsoW7c+CtuXCji1m9w5984abPQ1gMXDufcy733+JxRqWz72ygtLa+srpXXKxubW9s75u5eWyapwKSFE5aIro8kYTQmLUUVI10uCIp8Rjr+6DL3O3dESJrEt2rMiRuhQUxDipHSkmcewsA7h33EuUjuoVOz6vAh64sIXnM8qXhm1bbsKeAicQpSBQWanvnVDxKcRiRWmCEpe47NlZshoShmZFLpp5JwhEdoQHqaxigi0s2mb0zgsVYCGCZCV6zgVP09kaFIynHk684IqaGc93LxP6+XqrDuZjTmqSIxni0KUwZVAvNMYEAFwYqNNUFYUH0rxEMkEFY6uTwEZ/7lRdKuWY5tOTen1cZFEUcZHIAjcAIccAYa4Ao0QQtg8AiewSt4M56MF+Pd+Ji1loxiZh/8gfH5Azitlws=</latexit><latexit sha1_base64="QMSpuuYhGa/PzGlg8ECuk1nx26c=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgKiRFsMuqGzdCBfuANoTJZNIOnSTDzEQsoW7c+CtuXCji1m9w5984abPQ1gMXDufcy733+JxRqWz72ygtLa+srpXXKxubW9s75u5eWyapwKSFE5aIro8kYTQmLUUVI10uCIp8Rjr+6DL3O3dESJrEt2rMiRuhQUxDipHSkmcewsA7h33EuUjuoVOz6vAh64sIXnM8qXhm1bbsKeAicQpSBQWanvnVDxKcRiRWmCEpe47NlZshoShmZFLpp5JwhEdoQHqaxigi0s2mb0zgsVYCGCZCV6zgVP09kaFIynHk684IqaGc93LxP6+XqrDuZjTmqSIxni0KUwZVAvNMYEAFwYqNNUFYUH0rxEMkEFY6uTwEZ/7lRdKuWY5tOTen1cZFEUcZHIAjcAIccAYa4Ao0QQtg8AiewSt4M56MF+Pd+Ji1loxiZh/8gfH5Azitlws=</latexit>

Distância em diâmetro angular até a LS 
(Ryden, sec. 8.4).

Pontos na LS separados por uma distância igual à distância do horizonte terão uma 
separação angular (vista hoje, da Terra) de:

✓
hor

=
d
hor

(t
ls

)

dA
⇡ 0.251 Mpc

12.8 Mpc
⇡ 0.020 rad ⇡ 1.1�

<latexit sha1_base64="5E/kKI+odL5BGE388441RWmtROo="></latexit><latexit sha1_base64="5E/kKI+odL5BGE388441RWmtROo="></latexit><latexit sha1_base64="5E/kKI+odL5BGE388441RWmtROo="></latexit><latexit sha1_base64="5E/kKI+odL5BGE388441RWmtROo="></latexit>

Porém observamos que pontos da CMBR separados por 
ângulos maiores do que 1.1o (   <160) têm a mesma T0 = 
2.7255 (dentro de 1 parte em 105). 

dA ⇡ d
hor

/z
lss

<latexit sha1_base64="H4QlB1NF+O+ynmcCMK3qaArWSxw=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVBKEBGOBhbFI9CG1UeQ4TmvVjiPbQZQoX8DCr7AwgBArMxt/g9tmgJYjXen4nHvle0+QMKq043xbpaXlldW18nplY3Nre8fe3WsrkUpMWlgwIbsBUoTRmLQ01Yx0E0kQDxjpBKOrid+5I1JREd/qcUI8jgYxjShG2ki+XQv9C9hHSSLFPQz9rC85HAqZw2P4MHsxpXLfrjp1Zwq4SNyCVEGBpm9/9UOBU05ijRlSquc6ifYyJDXFjOSVfqpIgvAIDUjP0Bhxorxsek4Oa0YJYSSkqVjDqfp7IkNcqTEPTCdHeqjmvYn4n9dLdXTuZTROUk1iPPsoShnUAk6ygSGVBGs2NgRhSc2uEA+RRFibBCsmBHf+5EXSPqm7Tt29Oa02Los4yuAAHIIj4IIz0ADXoAlaAINH8AxewZv1ZL1Y79bHrLVkFTP74A+szx9O85uj</latexit><latexit sha1_base64="H4QlB1NF+O+ynmcCMK3qaArWSxw=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVBKEBGOBhbFI9CG1UeQ4TmvVjiPbQZQoX8DCr7AwgBArMxt/g9tmgJYjXen4nHvle0+QMKq043xbpaXlldW18nplY3Nre8fe3WsrkUpMWlgwIbsBUoTRmLQ01Yx0E0kQDxjpBKOrid+5I1JREd/qcUI8jgYxjShG2ki+XQv9C9hHSSLFPQz9rC85HAqZw2P4MHsxpXLfrjp1Zwq4SNyCVEGBpm9/9UOBU05ijRlSquc6ifYyJDXFjOSVfqpIgvAIDUjP0Bhxorxsek4Oa0YJYSSkqVjDqfp7IkNcqTEPTCdHeqjmvYn4n9dLdXTuZTROUk1iPPsoShnUAk6ygSGVBGs2NgRhSc2uEA+RRFibBCsmBHf+5EXSPqm7Tt29Oa02Los4yuAAHIIj4IIz0ADXoAlaAINH8AxewZv1ZL1Y79bHrLVkFTP74A+szx9O85uj</latexit><latexit sha1_base64="H4QlB1NF+O+ynmcCMK3qaArWSxw=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVBKEBGOBhbFI9CG1UeQ4TmvVjiPbQZQoX8DCr7AwgBArMxt/g9tmgJYjXen4nHvle0+QMKq043xbpaXlldW18nplY3Nre8fe3WsrkUpMWlgwIbsBUoTRmLQ01Yx0E0kQDxjpBKOrid+5I1JREd/qcUI8jgYxjShG2ki+XQv9C9hHSSLFPQz9rC85HAqZw2P4MHsxpXLfrjp1Zwq4SNyCVEGBpm9/9UOBU05ijRlSquc6ifYyJDXFjOSVfqpIgvAIDUjP0Bhxorxsek4Oa0YJYSSkqVjDqfp7IkNcqTEPTCdHeqjmvYn4n9dLdXTuZTROUk1iPPsoShnUAk6ygSGVBGs2NgRhSc2uEA+RRFibBCsmBHf+5EXSPqm7Tt29Oa02Los4yuAAHIIj4IIz0ADXoAlaAINH8AxewZv1ZL1Y79bHrLVkFTP74A+szx9O85uj</latexit><latexit sha1_base64="H4QlB1NF+O+ynmcCMK3qaArWSxw=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVBKEBGOBhbFI9CG1UeQ4TmvVjiPbQZQoX8DCr7AwgBArMxt/g9tmgJYjXen4nHvle0+QMKq043xbpaXlldW18nplY3Nre8fe3WsrkUpMWlgwIbsBUoTRmLQ01Yx0E0kQDxjpBKOrid+5I1JREd/qcUI8jgYxjShG2ki+XQv9C9hHSSLFPQz9rC85HAqZw2P4MHsxpXLfrjp1Zwq4SNyCVEGBpm9/9UOBU05ijRlSquc6ifYyJDXFjOSVfqpIgvAIDUjP0Bhxorxsek4Oa0YJYSSkqVjDqfp7IkNcqTEPTCdHeqjmvYn4n9dLdXTuZTROUk1iPPsoShnUAk6ygSGVBGs2NgRhSc2uEA+RRFibBCsmBHf+5EXSPqm7Tt29Oa02Los4yuAAHIIj4IIz0ADXoAlaAINH8AxewZv1ZL1Y79bHrLVkFTP74A+szx9O85uj</latexit>

<̀latexit sha1_base64="JIqSqR0ddJcbScqY6u+6HsFiCB4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKphbaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6CRTDH2WiER1Q6pRcIm+4UZgN1VI41DgYzi5LfzHJ1SaJ/LBTFMMYjqSPOKMGiv5fRSiNqg33KY7B1klXkkaUKI9qH/1hwnLYpSGCap1z3NTE+RUGc4Ezmr9TGNK2YSOsGeppDHqIJ8fOyNnVhmSKFG2pCFz9fdETmOtp3FoO2NqxnrZK8T/vF5mousg5zLNDEq2WBRlgpiEFJ+TIVfIjJhaQpni9lbCxlRRZmw+RQje8surpHPR9Nymd3/ZaN2UcVThBE7hHDy4ghbcQRt8YMDhGV7hzZHOi/PufCxaK045cwx/4Hz+AEMRjk8=</latexit><latexit sha1_base64="JIqSqR0ddJcbScqY6u+6HsFiCB4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKphbaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6CRTDH2WiER1Q6pRcIm+4UZgN1VI41DgYzi5LfzHJ1SaJ/LBTFMMYjqSPOKMGiv5fRSiNqg33KY7B1klXkkaUKI9qH/1hwnLYpSGCap1z3NTE+RUGc4Ezmr9TGNK2YSOsGeppDHqIJ8fOyNnVhmSKFG2pCFz9fdETmOtp3FoO2NqxnrZK8T/vF5mousg5zLNDEq2WBRlgpiEFJ+TIVfIjJhaQpni9lbCxlRRZmw+RQje8surpHPR9Nymd3/ZaN2UcVThBE7hHDy4ghbcQRt8YMDhGV7hzZHOi/PufCxaK045cwx/4Hz+AEMRjk8=</latexit><latexit sha1_base64="JIqSqR0ddJcbScqY6u+6HsFiCB4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKphbaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6CRTDH2WiER1Q6pRcIm+4UZgN1VI41DgYzi5LfzHJ1SaJ/LBTFMMYjqSPOKMGiv5fRSiNqg33KY7B1klXkkaUKI9qH/1hwnLYpSGCap1z3NTE+RUGc4Ezmr9TGNK2YSOsGeppDHqIJ8fOyNnVhmSKFG2pCFz9fdETmOtp3FoO2NqxnrZK8T/vF5mousg5zLNDEq2WBRlgpiEFJ+TIVfIjJhaQpni9lbCxlRRZmw+RQje8surpHPR9Nymd3/ZaN2UcVThBE7hHDy4ghbcQRt8YMDhGV7hzZHOi/PufCxaK045cwx/4Hz+AEMRjk8=</latexit><latexit sha1_base64="JIqSqR0ddJcbScqY6u+6HsFiCB4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKphbaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/ncra+sbmVnW7trO7t39QPzzq6CRTDH2WiER1Q6pRcIm+4UZgN1VI41DgYzi5LfzHJ1SaJ/LBTFMMYjqSPOKMGiv5fRSiNqg33KY7B1klXkkaUKI9qH/1hwnLYpSGCap1z3NTE+RUGc4Ezmr9TGNK2YSOsGeppDHqIJ8fOyNnVhmSKFG2pCFz9fdETmOtp3FoO2NqxnrZK8T/vF5mousg5zLNDEq2WBRlgpiEFJ+TIVfIjJhaQpni9lbCxlRRZmw+RQje8surpHPR9Nymd3/ZaN2UcVThBE7hHDy4ghbcQRt8YMDhGV7hzZHOi/PufCxaK045cwx/4Hz+AEMRjk8=</latexit>
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singularidade
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Aparece no contexto do modelo do Big Bang 
+ teorias de grande unificação (GUT) 

Teoria eletrofraca 
(Weinberg, Salam, Glashow - Nobel, 1979)

Eew ⇠ 1 TeV ) Tew ⇠ Eew/k ⇠ 1016 K ) tew ⇠ 10�12 s
<latexit sha1_base64="vdsM+Fy190LVt1KYvhSQcuBfuA4="></latexit><latexit sha1_base64="vdsM+Fy190LVt1KYvhSQcuBfuA4="></latexit><latexit sha1_base64="vdsM+Fy190LVt1KYvhSQcuBfuA4="></latexit><latexit sha1_base64="vdsM+Fy190LVt1KYvhSQcuBfuA4="></latexit>

Introduction to Cosmology (Ryden, 2017)
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10.3 O Problema do Monopolo

Uma das previsões do GUT é que o Universo teria 
passado por uma transição de fase quando T < TGUT.

Transição de fase: fenômeno associado com perda 
espontânea de simetria do sistema quando sua 

temperatura cai abaixo de um certo valor.

Ex: 

A água é líquida para T > 273 K: moléculas de H2O são orientadas randomicamente 
gerando simetria rotacional em torno de qualquer ponto (isotropia). 

Quando T < 273 K, a água passa por uma transição de fase (de líquida para sólida), com 
perda da simetria rotacional, gerando um cristal anisotrópico, com eixos preferenciais 
de simetria.
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10.3 O Problema do Monopolo

Uma das previsões do GUT é que o Universo teria 
passado por uma transição de fase quando T < TGUT.

Transição de fase: fenômeno associado com perda 
espontânea de simetria do sistema quando sua 

temperatura cai abaixo de um certo valor.

De forma análoga: 

Ocorre uma perda de simetria quando o Universo percorre a transição de fase do GUT 
em tGUT ~ 10-36 s. 

Em T > TGUT, havia uma simetria entre as forças nuclear forte e eletrofraca. 

Em T < TGUT, a simetria é espontaneamente perdida e essas forças desacoplam e 
começam a ter propriedades diferentes.
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10.3 O Problema do Monopolo

Uma das previsões do GUT é que o Universo teria 
passado por uma transição de fase quando T < TGUT.

Transição de fase: fenômeno associado com perda 
espontânea de simetria do sistema quando sua 

temperatura cai abaixo de um certo valor.

Defeitos topológicos

2D: domain wall
1D: cosmic strings
0D (pontual): monopolos magnéticos

Ex:
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10.3 O Problema do Monopolo

monopolos magnéticos (M)

Energia de repouso dos M criados na fase de transição do GUT:

mMc2 ⇠ EGUT ⇠ 1012 TeV
<latexit sha1_base64="io71HQQ3t3gc1mYJE9Iwte+J8pw=">AAACGHicbZDLSgMxFIYz9VbrbdSlm2ARXNVJEXRZFNGNUKHTFnoZMmnahiYzQ5IRyjC+hRtfxY0LRdx259uYTrvQ1h8CP985h5Pz+xFnSjvOt5VbWV1b38hvFra2d3b37P2DugpjSahLQh7Kpo8V5Sygrmaa02YkKRY+pw1/dD2tNx6pVCwManoc0Y7Ag4D1GcHaIM8+E9496ZZhWzEBb7ykLQW8dWvpDCCnm6ByCp8yXqP11LOLTsnJBJcNmpsimKvq2ZN2LySxoIEmHCvVQk6kOwmWmhFO00I7VjTCZIQHtGVsgAVVnSQ7LIUnhvRgP5TmBRpm9PdEgoVSY+GbToH1UC3WpvC/WivW/ctOwoIo1jQgs0X9mEMdwmlKsMckJZqPjcFEMvNXSIZYYqJNlgUTAlo8ednUyyXklNDDebFyNY8jD47AMTgFCFyACrgDVeACAp7BK3gHH9aL9WZ9Wl+z1pw1nzkEf2RNfgDBVp5Y</latexit><latexit sha1_base64="io71HQQ3t3gc1mYJE9Iwte+J8pw=">AAACGHicbZDLSgMxFIYz9VbrbdSlm2ARXNVJEXRZFNGNUKHTFnoZMmnahiYzQ5IRyjC+hRtfxY0LRdx259uYTrvQ1h8CP985h5Pz+xFnSjvOt5VbWV1b38hvFra2d3b37P2DugpjSahLQh7Kpo8V5Sygrmaa02YkKRY+pw1/dD2tNx6pVCwManoc0Y7Ag4D1GcHaIM8+E9496ZZhWzEBb7ykLQW8dWvpDCCnm6ByCp8yXqP11LOLTsnJBJcNmpsimKvq2ZN2LySxoIEmHCvVQk6kOwmWmhFO00I7VjTCZIQHtGVsgAVVnSQ7LIUnhvRgP5TmBRpm9PdEgoVSY+GbToH1UC3WpvC/WivW/ctOwoIo1jQgs0X9mEMdwmlKsMckJZqPjcFEMvNXSIZYYqJNlgUTAlo8ednUyyXklNDDebFyNY8jD47AMTgFCFyACrgDVeACAp7BK3gHH9aL9WZ9Wl+z1pw1nzkEf2RNfgDBVp5Y</latexit><latexit sha1_base64="io71HQQ3t3gc1mYJE9Iwte+J8pw=">AAACGHicbZDLSgMxFIYz9VbrbdSlm2ARXNVJEXRZFNGNUKHTFnoZMmnahiYzQ5IRyjC+hRtfxY0LRdx259uYTrvQ1h8CP985h5Pz+xFnSjvOt5VbWV1b38hvFra2d3b37P2DugpjSahLQh7Kpo8V5Sygrmaa02YkKRY+pw1/dD2tNx6pVCwManoc0Y7Ag4D1GcHaIM8+E9496ZZhWzEBb7ykLQW8dWvpDCCnm6ByCp8yXqP11LOLTsnJBJcNmpsimKvq2ZN2LySxoIEmHCvVQk6kOwmWmhFO00I7VjTCZIQHtGVsgAVVnSQ7LIUnhvRgP5TmBRpm9PdEgoVSY+GbToH1UC3WpvC/WivW/ctOwoIo1jQgs0X9mEMdwmlKsMckJZqPjcFEMvNXSIZYYqJNlgUTAlo8ednUyyXklNDDebFyNY8jD47AMTgFCFyACrgDVeACAp7BK3gHH9aL9WZ9Wl+z1pw1nzkEf2RNfgDBVp5Y</latexit><latexit sha1_base64="io71HQQ3t3gc1mYJE9Iwte+J8pw=">AAACGHicbZDLSgMxFIYz9VbrbdSlm2ARXNVJEXRZFNGNUKHTFnoZMmnahiYzQ5IRyjC+hRtfxY0LRdx259uYTrvQ1h8CP985h5Pz+xFnSjvOt5VbWV1b38hvFra2d3b37P2DugpjSahLQh7Kpo8V5Sygrmaa02YkKRY+pw1/dD2tNx6pVCwManoc0Y7Ag4D1GcHaIM8+E9496ZZhWzEBb7ykLQW8dWvpDCCnm6ByCp8yXqP11LOLTsnJBJcNmpsimKvq2ZN2LySxoIEmHCvVQk6kOwmWmhFO00I7VjTCZIQHtGVsgAVVnSQ7LIUnhvRgP5TmBRpm9PdEgoVSY+GbToH1UC3WpvC/WivW/ctOwoIo1jQgs0X9mEMdwmlKsMckJZqPjcFEMvNXSIZYYqJNlgUTAlo8ednUyyXklNDDebFyNY8jD47AMTgFCFyACrgDVeACAp7BK3gHH9aL9WZ9Wl+z1pw1nzkEf2RNfgDBVp5Y</latexit>

(comparável a 1 ng ~ massa de uma bactéria)

Na fase de transição do GUT, pontos mais afastados do que 
o tamanho do horizonte estarão fora do contato causal.

Assim, esperamos aproximadamente 1 defeito topológico 
por volume de horizonte.
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monopolos magnéticos (M)

A densidade numérica de M na época de suas criações seria: 

nM (tGUT) ⇠
1

(2ctGUT)
3 ⇠ 1082 m�3

<latexit sha1_base64="LGt0iCvaIn6EPUe9yGIcD+AlQU0="></latexit><latexit sha1_base64="LGt0iCvaIn6EPUe9yGIcD+AlQU0="></latexit><latexit sha1_base64="LGt0iCvaIn6EPUe9yGIcD+AlQU0="></latexit><latexit sha1_base64="LGt0iCvaIn6EPUe9yGIcD+AlQU0="></latexit>

A densidade de energia de M na época de suas criações seria: 

✏M (tGUT) ⇠ (mMc2)nM ⇠ 1094 TeV m�3
<latexit sha1_base64="QE79aYdP8WVcYp7q9fzmzZffQ+o="></latexit><latexit sha1_base64="QE79aYdP8WVcYp7q9fzmzZffQ+o="></latexit><latexit sha1_base64="QE79aYdP8WVcYp7q9fzmzZffQ+o="></latexit><latexit sha1_base64="QE79aYdP8WVcYp7q9fzmzZffQ+o="></latexit>

✏�(tGUT) ⇡ ↵T 4
GUT ⇠ 10104 TeV m�3

<latexit sha1_base64="oJJcBKp6Euk9xCQIew29oq3DaZE="></latexit><latexit sha1_base64="oJJcBKp6Euk9xCQIew29oq3DaZE="></latexit><latexit sha1_base64="oJJcBKp6Euk9xCQIew29oq3DaZE="></latexit><latexit sha1_base64="oJJcBKp6Euk9xCQIew29oq3DaZE="></latexit>

Comparar com a densidade de energia de radiação na mesma época: 

d
hor

(t
GUT

) = c

Z tGUT

0

dt

(t/t
GUT

)1/2
= 2ct

GUT

<latexit sha1_base64="qnoSLykc7cvnjPRs1ffvPzCmAVE="></latexit><latexit sha1_base64="qnoSLykc7cvnjPRs1ffvPzCmAVE="></latexit><latexit sha1_base64="qnoSLykc7cvnjPRs1ffvPzCmAVE="></latexit><latexit sha1_base64="qnoSLykc7cvnjPRs1ffvPzCmAVE="></latexit>

a(t): era da radiação



Os M teriam dominado a densidade de energia quando a 
temperatura cai de:
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10.3 O Problema do Monopolo

monopolos magnéticos (M)

Energia de repouso dos M criados na fase de transição do GUT:

mMc2 ⇠ EGUT ⇠ 1012 TeV
<latexit sha1_base64="io71HQQ3t3gc1mYJE9Iwte+J8pw=">AAACGHicbZDLSgMxFIYz9VbrbdSlm2ARXNVJEXRZFNGNUKHTFnoZMmnahiYzQ5IRyjC+hRtfxY0LRdx259uYTrvQ1h8CP985h5Pz+xFnSjvOt5VbWV1b38hvFra2d3b37P2DugpjSahLQh7Kpo8V5Sygrmaa02YkKRY+pw1/dD2tNx6pVCwManoc0Y7Ag4D1GcHaIM8+E9496ZZhWzEBb7ykLQW8dWvpDCCnm6ByCp8yXqP11LOLTsnJBJcNmpsimKvq2ZN2LySxoIEmHCvVQk6kOwmWmhFO00I7VjTCZIQHtGVsgAVVnSQ7LIUnhvRgP5TmBRpm9PdEgoVSY+GbToH1UC3WpvC/WivW/ctOwoIo1jQgs0X9mEMdwmlKsMckJZqPjcFEMvNXSIZYYqJNlgUTAlo8ednUyyXklNDDebFyNY8jD47AMTgFCFyACrgDVeACAp7BK3gHH9aL9WZ9Wl+z1pw1nzkEf2RNfgDBVp5Y</latexit><latexit sha1_base64="io71HQQ3t3gc1mYJE9Iwte+J8pw=">AAACGHicbZDLSgMxFIYz9VbrbdSlm2ARXNVJEXRZFNGNUKHTFnoZMmnahiYzQ5IRyjC+hRtfxY0LRdx259uYTrvQ1h8CP985h5Pz+xFnSjvOt5VbWV1b38hvFra2d3b37P2DugpjSahLQh7Kpo8V5Sygrmaa02YkKRY+pw1/dD2tNx6pVCwManoc0Y7Ag4D1GcHaIM8+E9496ZZhWzEBb7ykLQW8dWvpDCCnm6ByCp8yXqP11LOLTsnJBJcNmpsimKvq2ZN2LySxoIEmHCvVQk6kOwmWmhFO00I7VjTCZIQHtGVsgAVVnSQ7LIUnhvRgP5TmBRpm9PdEgoVSY+GbToH1UC3WpvC/WivW/ctOwoIo1jQgs0X9mEMdwmlKsMckJZqPjcFEMvNXSIZYYqJNlgUTAlo8ednUyyXklNDDebFyNY8jD47AMTgFCFyACrgDVeACAp7BK3gHH9aL9WZ9Wl+z1pw1nzkEf2RNfgDBVp5Y</latexit><latexit sha1_base64="io71HQQ3t3gc1mYJE9Iwte+J8pw=">AAACGHicbZDLSgMxFIYz9VbrbdSlm2ARXNVJEXRZFNGNUKHTFnoZMmnahiYzQ5IRyjC+hRtfxY0LRdx259uYTrvQ1h8CP985h5Pz+xFnSjvOt5VbWV1b38hvFra2d3b37P2DugpjSahLQh7Kpo8V5Sygrmaa02YkKRY+pw1/dD2tNx6pVCwManoc0Y7Ag4D1GcHaIM8+E9496ZZhWzEBb7ykLQW8dWvpDCCnm6ByCp8yXqP11LOLTsnJBJcNmpsimKvq2ZN2LySxoIEmHCvVQk6kOwmWmhFO00I7VjTCZIQHtGVsgAVVnSQ7LIUnhvRgP5TmBRpm9PdEgoVSY+GbToH1UC3WpvC/WivW/ctOwoIo1jQgs0X9mEMdwmlKsMckJZqPjcFEMvNXSIZYYqJNlgUTAlo8ednUyyXklNDDebFyNY8jD47AMTgFCFyACrgDVeACAp7BK3gHH9aL9WZ9Wl+z1pw1nzkEf2RNfgDBVp5Y</latexit><latexit sha1_base64="io71HQQ3t3gc1mYJE9Iwte+J8pw=">AAACGHicbZDLSgMxFIYz9VbrbdSlm2ARXNVJEXRZFNGNUKHTFnoZMmnahiYzQ5IRyjC+hRtfxY0LRdx259uYTrvQ1h8CP985h5Pz+xFnSjvOt5VbWV1b38hvFra2d3b37P2DugpjSahLQh7Kpo8V5Sygrmaa02YkKRY+pw1/dD2tNx6pVCwManoc0Y7Ag4D1GcHaIM8+E9496ZZhWzEBb7ykLQW8dWvpDCCnm6ByCp8yXqP11LOLTsnJBJcNmpsimKvq2ZN2LySxoIEmHCvVQk6kOwmWmhFO00I7VjTCZIQHtGVsgAVVnSQ7LIUnhvRgP5TmBRpm9PdEgoVSY+GbToH1UC3WpvC/WivW/ctOwoIo1jQgs0X9mEMdwmlKsMckJZqPjcFEMvNXSIZYYqJNlgUTAlo8ednUyyXklNDDebFyNY8jD47AMTgFCFyACrgDVeACAp7BK3gHH9aL9WZ9Wl+z1pw1nzkEf2RNfgDBVp5Y</latexit>

(comparável a 1 ng ~ massa de uma bactéria)

Sendo bastante massivos, os M rapidamente se tornam não-
relativísticos, com: ✏M / a�3

<latexit sha1_base64="s6p9EOGVfeYRtgV29sZ++zcgPVA=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEN5YZFXRZdONGqGAf0BlLJs20oZkkJBmhDMWNv+LGhSJu/Qp3/o1pOwttPRA4nHMvN+dEklFtPO/bKSwsLi2vFFdLa+sbm1vu9k5Di1RhUseCCdWKkCaMclI31DDSkoqgJGKkGQ2uxn7zgShNBb8zQ0nCBPU4jSlGxkoddy8gUlNm6Q0MpBLSCIjus+PTUcctexVvAjhP/JyUQY5ax/0KugKnCeEGM6R12/ekCTOkDMWMjEpBqolEeIB6pG0pRwnRYTaJMIKHVunCWCj7uIET9fdGhhKth0lkJxNk+nrWG4v/ee3UxBdhRrlMDeF4eihOGbQ5x33ALlUEGza0BGFF7V8h7iOFsLGtlWwJ/mzkedI4qfhexb89K1cv8zqKYB8cgCPgg3NQBdegBuoAg0fwDF7Bm/PkvDjvzsd0tODkO7vgD5zPH8Djlv4=</latexit><latexit sha1_base64="s6p9EOGVfeYRtgV29sZ++zcgPVA=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEN5YZFXRZdONGqGAf0BlLJs20oZkkJBmhDMWNv+LGhSJu/Qp3/o1pOwttPRA4nHMvN+dEklFtPO/bKSwsLi2vFFdLa+sbm1vu9k5Di1RhUseCCdWKkCaMclI31DDSkoqgJGKkGQ2uxn7zgShNBb8zQ0nCBPU4jSlGxkoddy8gUlNm6Q0MpBLSCIjus+PTUcctexVvAjhP/JyUQY5ax/0KugKnCeEGM6R12/ekCTOkDMWMjEpBqolEeIB6pG0pRwnRYTaJMIKHVunCWCj7uIET9fdGhhKth0lkJxNk+nrWG4v/ee3UxBdhRrlMDeF4eihOGbQ5x33ALlUEGza0BGFF7V8h7iOFsLGtlWwJ/mzkedI4qfhexb89K1cv8zqKYB8cgCPgg3NQBdegBuoAg0fwDF7Bm/PkvDjvzsd0tODkO7vgD5zPH8Djlv4=</latexit><latexit sha1_base64="s6p9EOGVfeYRtgV29sZ++zcgPVA=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEN5YZFXRZdONGqGAf0BlLJs20oZkkJBmhDMWNv+LGhSJu/Qp3/o1pOwttPRA4nHMvN+dEklFtPO/bKSwsLi2vFFdLa+sbm1vu9k5Di1RhUseCCdWKkCaMclI31DDSkoqgJGKkGQ2uxn7zgShNBb8zQ0nCBPU4jSlGxkoddy8gUlNm6Q0MpBLSCIjus+PTUcctexVvAjhP/JyUQY5ax/0KugKnCeEGM6R12/ekCTOkDMWMjEpBqolEeIB6pG0pRwnRYTaJMIKHVunCWCj7uIET9fdGhhKth0lkJxNk+nrWG4v/ee3UxBdhRrlMDeF4eihOGbQ5x33ALlUEGza0BGFF7V8h7iOFsLGtlWwJ/mzkedI4qfhexb89K1cv8zqKYB8cgCPgg3NQBdegBuoAg0fwDF7Bm/PkvDjvzsd0tODkO7vgD5zPH8Djlv4=</latexit><latexit sha1_base64="s6p9EOGVfeYRtgV29sZ++zcgPVA=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEN5YZFXRZdONGqGAf0BlLJs20oZkkJBmhDMWNv+LGhSJu/Qp3/o1pOwttPRA4nHMvN+dEklFtPO/bKSwsLi2vFFdLa+sbm1vu9k5Di1RhUseCCdWKkCaMclI31DDSkoqgJGKkGQ2uxn7zgShNBb8zQ0nCBPU4jSlGxkoddy8gUlNm6Q0MpBLSCIjus+PTUcctexVvAjhP/JyUQY5ax/0KugKnCeEGM6R12/ekCTOkDMWMjEpBqolEeIB6pG0pRwnRYTaJMIKHVunCWCj7uIET9fdGhhKth0lkJxNk+nrWG4v/ee3UxBdhRrlMDeF4eihOGbQ5x33ALlUEGza0BGFF7V8h7iOFsLGtlWwJ/mzkedI4qfhexb89K1cv8zqKYB8cgCPgg3NQBdegBuoAg0fwDF7Bm/PkvDjvzsd0tODkO7vgD5zPH8Djlv4=</latexit>

Já a radiação: ✏� / a�4
<latexit sha1_base64="BpHbH+bMDxWWTKyc986Deawjj04=">AAACCXicbVDLSgMxFM3UV62vUZdugkVwY5mRgi6LblxWsA/ojOVOmrahyUxIMkIZunXjr7hxoYhb/8Cdf2PazkJbDwQO59zLzTmR5Ewbz/t2Ciura+sbxc3S1vbO7p67f9DUSaoIbZCEJ6odgaacxbRhmOG0LRUFEXHaikbXU7/1QJVmSXxnxpKGAgYx6zMCxkpdFwdUasYtzYIBCAETHEiVSJNguM/OqpOuW/Yq3gx4mfg5KaMc9a77FfQSkgoaG8JB647vSRNmoAwjnE5KQaqpBDKCAe1YGoOgOsxmSSb4xCo93E+UfbHBM/X3RgZC67GI7KQAM9SL3lT8z+ukpn8ZZiyWqaExmR/qpxzbnNNacI8pSgwfWwJEMftXTIaggBhbXsmW4C9GXibN84rvVfzbarl2lddRREfoGJ0iH12gGrpBddRABD2iZ/SK3pwn58V5dz7mowUn3zlEf+B8/gC1kJpP</latexit><latexit sha1_base64="BpHbH+bMDxWWTKyc986Deawjj04=">AAACCXicbVDLSgMxFM3UV62vUZdugkVwY5mRgi6LblxWsA/ojOVOmrahyUxIMkIZunXjr7hxoYhb/8Cdf2PazkJbDwQO59zLzTmR5Ewbz/t2Ciura+sbxc3S1vbO7p67f9DUSaoIbZCEJ6odgaacxbRhmOG0LRUFEXHaikbXU7/1QJVmSXxnxpKGAgYx6zMCxkpdFwdUasYtzYIBCAETHEiVSJNguM/OqpOuW/Yq3gx4mfg5KaMc9a77FfQSkgoaG8JB647vSRNmoAwjnE5KQaqpBDKCAe1YGoOgOsxmSSb4xCo93E+UfbHBM/X3RgZC67GI7KQAM9SL3lT8z+ukpn8ZZiyWqaExmR/qpxzbnNNacI8pSgwfWwJEMftXTIaggBhbXsmW4C9GXibN84rvVfzbarl2lddRREfoGJ0iH12gGrpBddRABD2iZ/SK3pwn58V5dz7mowUn3zlEf+B8/gC1kJpP</latexit><latexit sha1_base64="BpHbH+bMDxWWTKyc986Deawjj04=">AAACCXicbVDLSgMxFM3UV62vUZdugkVwY5mRgi6LblxWsA/ojOVOmrahyUxIMkIZunXjr7hxoYhb/8Cdf2PazkJbDwQO59zLzTmR5Ewbz/t2Ciura+sbxc3S1vbO7p67f9DUSaoIbZCEJ6odgaacxbRhmOG0LRUFEXHaikbXU7/1QJVmSXxnxpKGAgYx6zMCxkpdFwdUasYtzYIBCAETHEiVSJNguM/OqpOuW/Yq3gx4mfg5KaMc9a77FfQSkgoaG8JB647vSRNmoAwjnE5KQaqpBDKCAe1YGoOgOsxmSSb4xCo93E+UfbHBM/X3RgZC67GI7KQAM9SL3lT8z+ukpn8ZZiyWqaExmR/qpxzbnNNacI8pSgwfWwJEMftXTIaggBhbXsmW4C9GXibN84rvVfzbarl2lddRREfoGJ0iH12gGrpBddRABD2iZ/SK3pwn58V5dz7mowUn3zlEf+B8/gC1kJpP</latexit><latexit sha1_base64="BpHbH+bMDxWWTKyc986Deawjj04=">AAACCXicbVDLSgMxFM3UV62vUZdugkVwY5mRgi6LblxWsA/ojOVOmrahyUxIMkIZunXjr7hxoYhb/8Cdf2PazkJbDwQO59zLzTmR5Ewbz/t2Ciura+sbxc3S1vbO7p67f9DUSaoIbZCEJ6odgaacxbRhmOG0LRUFEXHaikbXU7/1QJVmSXxnxpKGAgYx6zMCxkpdFwdUasYtzYIBCAETHEiVSJNguM/OqpOuW/Yq3gx4mfg5KaMc9a77FfQSkgoaG8JB647vSRNmoAwjnE5KQaqpBDKCAe1YGoOgOsxmSSb4xCo93E+UfbHBM/X3RgZC67GI7KQAM9SL3lT8z+ukpn8ZZiyWqaExmR/qpxzbnNNacI8pSgwfWwJEMftXTIaggBhbXsmW4C9GXibN84rvVfzbarl2lddRREfoGJ0iH12gGrpBddRABD2iZ/SK3pwn58V5dz7mowUn3zlEf+B8/gC1kJpP</latexit>

T ⇠ 10�10TGUT ⇠ 1018 K
<latexit sha1_base64="1HHQdNlHiHyNCp77iKjFzyLeTZc=">AAACG3icbVBNSwMxEM3Wr1q/Vj16CRbBi2VTBHsselDwUmG3LbS1ZNO0DU12lyQrlGX9HV78K148KOJJ8OC/Md0W0dYHA4/3ZpiZ50ecKe04X1ZuaXlldS2/XtjY3NresXf36iqMJaEeCXkomz5WlLOAepppTpuRpFj4nDb80cXEb9xRqVgYuHoc0Y7Ag4D1GcHaSF277MK2YgIi5zY5QU4K3W7SlgJeem4KCz8WqqTwPjOu065ddEpOBrhI0IwUwQy1rv3R7oUkFjTQhGOlWsiJdCfBUjPCaVpox4pGmIzwgLYMDbCgqpNkv6XwyCg92A+lqUDDTP09kWCh1Fj4plNgPVTz3kT8z2vFul/pJCyIYk0DMl3UjznUIZwEBXtMUqL52BBMJDO3QjLEEhNt4iyYEND8y4ukXi4hp4RuTovV81kceXAADsExQOAMVMEVqAEPEPAAnsALeLUerWfrzXqftuas2cw++APr8xtO0J5+</latexit><latexit sha1_base64="1HHQdNlHiHyNCp77iKjFzyLeTZc=">AAACG3icbVBNSwMxEM3Wr1q/Vj16CRbBi2VTBHsselDwUmG3LbS1ZNO0DU12lyQrlGX9HV78K148KOJJ8OC/Md0W0dYHA4/3ZpiZ50ecKe04X1ZuaXlldS2/XtjY3NresXf36iqMJaEeCXkomz5WlLOAepppTpuRpFj4nDb80cXEb9xRqVgYuHoc0Y7Ag4D1GcHaSF277MK2YgIi5zY5QU4K3W7SlgJeem4KCz8WqqTwPjOu065ddEpOBrhI0IwUwQy1rv3R7oUkFjTQhGOlWsiJdCfBUjPCaVpox4pGmIzwgLYMDbCgqpNkv6XwyCg92A+lqUDDTP09kWCh1Fj4plNgPVTz3kT8z2vFul/pJCyIYk0DMl3UjznUIZwEBXtMUqL52BBMJDO3QjLEEhNt4iyYEND8y4ukXi4hp4RuTovV81kceXAADsExQOAMVMEVqAEPEPAAnsALeLUerWfrzXqftuas2cw++APr8xtO0J5+</latexit><latexit sha1_base64="1HHQdNlHiHyNCp77iKjFzyLeTZc=">AAACG3icbVBNSwMxEM3Wr1q/Vj16CRbBi2VTBHsselDwUmG3LbS1ZNO0DU12lyQrlGX9HV78K148KOJJ8OC/Md0W0dYHA4/3ZpiZ50ecKe04X1ZuaXlldS2/XtjY3NresXf36iqMJaEeCXkomz5WlLOAepppTpuRpFj4nDb80cXEb9xRqVgYuHoc0Y7Ag4D1GcHaSF277MK2YgIi5zY5QU4K3W7SlgJeem4KCz8WqqTwPjOu065ddEpOBrhI0IwUwQy1rv3R7oUkFjTQhGOlWsiJdCfBUjPCaVpox4pGmIzwgLYMDbCgqpNkv6XwyCg92A+lqUDDTP09kWCh1Fj4plNgPVTz3kT8z2vFul/pJCyIYk0DMl3UjznUIZwEBXtMUqL52BBMJDO3QjLEEhNt4iyYEND8y4ukXi4hp4RuTovV81kceXAADsExQOAMVMEVqAEPEPAAnsALeLUerWfrzXqftuas2cw++APr8xtO0J5+</latexit><latexit sha1_base64="1HHQdNlHiHyNCp77iKjFzyLeTZc=">AAACG3icbVBNSwMxEM3Wr1q/Vj16CRbBi2VTBHsselDwUmG3LbS1ZNO0DU12lyQrlGX9HV78K148KOJJ8OC/Md0W0dYHA4/3ZpiZ50ecKe04X1ZuaXlldS2/XtjY3NresXf36iqMJaEeCXkomz5WlLOAepppTpuRpFj4nDb80cXEb9xRqVgYuHoc0Y7Ag4D1GcHaSF277MK2YgIi5zY5QU4K3W7SlgJeem4KCz8WqqTwPjOu065ddEpOBrhI0IwUwQy1rv3R7oUkFjTQhGOlWsiJdCfBUjPCaVpox4pGmIzwgLYMDbCgqpNkv6XwyCg92A+lqUDDTP09kWCh1Fj4plNgPVTz3kT8z2vFul/pJCyIYk0DMl3UjznUIZwEBXtMUqL52BBMJDO3QjLEEhNt4iyYEND8y4ukXi4hp4RuTovV81kceXAADsExQOAMVMEVqAEPEPAAnsALeLUerWfrzXqftuas2cw++APr8xtO0J5+</latexit>

(t ⇠ 10�16 s)
<latexit sha1_base64="U2Q39ZjcF47KXF3/TPlRKaeB63M=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQF5ZERF0W3bisYB/QxDKZTtqhM5MwMxFKiODGX3HjQhG3foQ7/8Zpm4W2HrhwOOde7r0niBlV2nG+rcLS8srqWnG9tLG5tb1j7+61VJRITJo4YpHsBEgRRgVpaqoZ6cSSIB4w0g5GVxO/fU+kopG41eOY+BwNBA0pRtpIPbtc1dBTlEPXuUuP3bMMwofUkxyq7KhnV5yaMwVcJG5OKiBHo2d/ef0IJ5wIjRlSqus6sfZTJDXFjGQlL1EkRniEBqRrqECcKD+dPpHBQ6P0YRhJU0LDqfp7IkVcqTEPTCdHeqjmvYn4n9dNdHjhp1TEiSYCzxaFCYM6gpNEYJ9KgjUbG4KwpOZWiIdIIqxNbiUTgjv/8iJpndRcp+benFbql3kcRVAGB6AKXHAO6uAaNEATYPAInsEreLOerBfr3fqYtRasfGYf/IH1+QOtuZYy</latexit><latexit sha1_base64="U2Q39ZjcF47KXF3/TPlRKaeB63M=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQF5ZERF0W3bisYB/QxDKZTtqhM5MwMxFKiODGX3HjQhG3foQ7/8Zpm4W2HrhwOOde7r0niBlV2nG+rcLS8srqWnG9tLG5tb1j7+61VJRITJo4YpHsBEgRRgVpaqoZ6cSSIB4w0g5GVxO/fU+kopG41eOY+BwNBA0pRtpIPbtc1dBTlEPXuUuP3bMMwofUkxyq7KhnV5yaMwVcJG5OKiBHo2d/ef0IJ5wIjRlSqus6sfZTJDXFjGQlL1EkRniEBqRrqECcKD+dPpHBQ6P0YRhJU0LDqfp7IkVcqTEPTCdHeqjmvYn4n9dNdHjhp1TEiSYCzxaFCYM6gpNEYJ9KgjUbG4KwpOZWiIdIIqxNbiUTgjv/8iJpndRcp+benFbql3kcRVAGB6AKXHAO6uAaNEATYPAInsEreLOerBfr3fqYtRasfGYf/IH1+QOtuZYy</latexit><latexit sha1_base64="U2Q39ZjcF47KXF3/TPlRKaeB63M=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQF5ZERF0W3bisYB/QxDKZTtqhM5MwMxFKiODGX3HjQhG3foQ7/8Zpm4W2HrhwOOde7r0niBlV2nG+rcLS8srqWnG9tLG5tb1j7+61VJRITJo4YpHsBEgRRgVpaqoZ6cSSIB4w0g5GVxO/fU+kopG41eOY+BwNBA0pRtpIPbtc1dBTlEPXuUuP3bMMwofUkxyq7KhnV5yaMwVcJG5OKiBHo2d/ef0IJ5wIjRlSqus6sfZTJDXFjGQlL1EkRniEBqRrqECcKD+dPpHBQ6P0YRhJU0LDqfp7IkVcqTEPTCdHeqjmvYn4n9dNdHjhp1TEiSYCzxaFCYM6gpNEYJ9KgjUbG4KwpOZWiIdIIqxNbiUTgjv/8iJpndRcp+benFbql3kcRVAGB6AKXHAO6uAaNEATYPAInsEreLOerBfr3fqYtRasfGYf/IH1+QOtuZYy</latexit><latexit sha1_base64="U2Q39ZjcF47KXF3/TPlRKaeB63M=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQF5ZERF0W3bisYB/QxDKZTtqhM5MwMxFKiODGX3HjQhG3foQ7/8Zpm4W2HrhwOOde7r0niBlV2nG+rcLS8srqWnG9tLG5tb1j7+61VJRITJo4YpHsBEgRRgVpaqoZ6cSSIB4w0g5GVxO/fU+kopG41eOY+BwNBA0pRtpIPbtc1dBTlEPXuUuP3bMMwofUkxyq7KhnV5yaMwVcJG5OKiBHo2d/ef0IJ5wIjRlSqus6sfZTJDXFjGQlL1EkRniEBqRrqECcKD+dPpHBQ6P0YRhJU0LDqfp7IkVcqTEPTCdHeqjmvYn4n9dNdHjhp1TEiSYCzxaFCYM6gpNEYJ9KgjUbG4KwpOZWiIdIIqxNbiUTgjv/8iJpndRcp+benFbql3kcRVAGB6AKXHAO6uAaNEATYPAInsEreLOerBfr3fqYtRasfGYf/IH1+QOtuZYy</latexit>
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10.3 O Problema do Monopolo

monopolos magnéticos (M)

Porém, não há nenhuma evidência de que a densidade de 
energia dos M domina hoje, e provavelmente eles nem 
devem existir.

Limite superior:

⌦M (t0) < 5⇥ 10�16
<latexit sha1_base64="1J9feZhAlfAfZx8Abdxuvok8aUU=">AAACDHicbVC7SgNBFJ2Nr7i+opY2g0GIhWFWfBUWQRsbMYJ5QHYNs5NJMmT2wcxdISz5ABt/xcZCEVs/wM6/cfIoNPHAwOGcc7lzjx9LoYGQbyszN7+wuJRdtldW19Y3cptbVR0livEKi2Sk6j7VXIqQV0CA5PVYcRr4ktf83uXQrz1wpUUU3kE/5l5AO6FoC0bBSM1c3r0JeIc2rwvQJPv43D7GLoiAa+yQ+/TAORlg26RIkYyAZ4kzIXk0QbmZ+3JbEUsCHgKTVOuGQ2LwUqpAMMkHtptoHlPWox3eMDSkZp+Xjo4Z4D2jtHA7UuaFgEfq74mUBlr3A98kAwpdPe0Nxf+8RgLtMy8VYZwAD9l4UTuRGCI8bAa3hOIMZN8QypQwf8WsSxVlYPobluBMnzxLqodFhxSd26N86WJSRxbtoF1UQA46RSV0hcqoghh6RM/oFb1ZT9aL9W59jKMZazKzjf7A+vwBkdeYHA==</latexit><latexit sha1_base64="1J9feZhAlfAfZx8Abdxuvok8aUU=">AAACDHicbVC7SgNBFJ2Nr7i+opY2g0GIhWFWfBUWQRsbMYJ5QHYNs5NJMmT2wcxdISz5ABt/xcZCEVs/wM6/cfIoNPHAwOGcc7lzjx9LoYGQbyszN7+wuJRdtldW19Y3cptbVR0livEKi2Sk6j7VXIqQV0CA5PVYcRr4ktf83uXQrz1wpUUU3kE/5l5AO6FoC0bBSM1c3r0JeIc2rwvQJPv43D7GLoiAa+yQ+/TAORlg26RIkYyAZ4kzIXk0QbmZ+3JbEUsCHgKTVOuGQ2LwUqpAMMkHtptoHlPWox3eMDSkZp+Xjo4Z4D2jtHA7UuaFgEfq74mUBlr3A98kAwpdPe0Nxf+8RgLtMy8VYZwAD9l4UTuRGCI8bAa3hOIMZN8QypQwf8WsSxVlYPobluBMnzxLqodFhxSd26N86WJSRxbtoF1UQA46RSV0hcqoghh6RM/oFb1ZT9aL9W59jKMZazKzjf7A+vwBkdeYHA==</latexit><latexit sha1_base64="1J9feZhAlfAfZx8Abdxuvok8aUU=">AAACDHicbVC7SgNBFJ2Nr7i+opY2g0GIhWFWfBUWQRsbMYJ5QHYNs5NJMmT2wcxdISz5ABt/xcZCEVs/wM6/cfIoNPHAwOGcc7lzjx9LoYGQbyszN7+wuJRdtldW19Y3cptbVR0livEKi2Sk6j7VXIqQV0CA5PVYcRr4ktf83uXQrz1wpUUU3kE/5l5AO6FoC0bBSM1c3r0JeIc2rwvQJPv43D7GLoiAa+yQ+/TAORlg26RIkYyAZ4kzIXk0QbmZ+3JbEUsCHgKTVOuGQ2LwUqpAMMkHtptoHlPWox3eMDSkZp+Xjo4Z4D2jtHA7UuaFgEfq74mUBlr3A98kAwpdPe0Nxf+8RgLtMy8VYZwAD9l4UTuRGCI8bAa3hOIMZN8QypQwf8WsSxVlYPobluBMnzxLqodFhxSd26N86WJSRxbtoF1UQA46RSV0hcqoghh6RM/oFb1ZT9aL9W59jKMZazKzjf7A+vwBkdeYHA==</latexit><latexit sha1_base64="1J9feZhAlfAfZx8Abdxuvok8aUU=">AAACDHicbVC7SgNBFJ2Nr7i+opY2g0GIhWFWfBUWQRsbMYJ5QHYNs5NJMmT2wcxdISz5ABt/xcZCEVs/wM6/cfIoNPHAwOGcc7lzjx9LoYGQbyszN7+wuJRdtldW19Y3cptbVR0livEKi2Sk6j7VXIqQV0CA5PVYcRr4ktf83uXQrz1wpUUU3kE/5l5AO6FoC0bBSM1c3r0JeIc2rwvQJPv43D7GLoiAa+yQ+/TAORlg26RIkYyAZ4kzIXk0QbmZ+3JbEUsCHgKTVOuGQ2LwUqpAMMkHtptoHlPWox3eMDSkZp+Xjo4Z4D2jtHA7UuaFgEfq74mUBlr3A98kAwpdPe0Nxf+8RgLtMy8VYZwAD9l4UTuRGCI8bAa3hOIMZN8QypQwf8WsSxVlYPobluBMnzxLqodFhxSd26N86WJSRxbtoF1UQA46RSV0hcqoghh6RM/oFb1ZT9aL9W59jKMZazKzjf7A+vwBkdeYHA==</latexit>

nM (t0) < 10�29nbar(t0)
<latexit sha1_base64="58NGQRCuFgRtPvor1bZIj/s9IZw=">AAACDnicbVDLSsNAFJ3UV42vqEs3g6VQF5akCCq4KLpxI1SwD2hjmEyn7dDJJMxMhBLyBW78FTcuFHHr2p1/4zTNQlsPXDiccy/33uNHjEpl299GYWl5ZXWtuG5ubG5t71i7ey0ZxgKTJg5ZKDo+koRRTpqKKkY6kSAo8Blp++Orqd9+IELSkN+pSUTcAA05HVCMlJY8q8y9m4ry7CN4YTr2fXJcO0+hyb2kJwLoI5FmpmeV7KqdAS4SJyclkKPhWV+9fojjgHCFGZKy69iRchMkFMWMpGYvliRCeIyGpKspRwGRbpK9k8KyVvpwEApdXMFM/T2RoEDKSeDrzgCpkZz3puJ/XjdWgzM3oTyKFeF4tmgQM6hCOM0G9qkgWLGJJggLqm+FeIQEwkonaOoQnPmXF0mrVnXsqnN7Uqpf5nEUwQE4BBXggFNQB9egAZoAg0fwDF7Bm/FkvBjvxsestWDkM/vgD4zPHzq+mRM=</latexit><latexit sha1_base64="58NGQRCuFgRtPvor1bZIj/s9IZw=">AAACDnicbVDLSsNAFJ3UV42vqEs3g6VQF5akCCq4KLpxI1SwD2hjmEyn7dDJJMxMhBLyBW78FTcuFHHr2p1/4zTNQlsPXDiccy/33uNHjEpl299GYWl5ZXWtuG5ubG5t71i7ey0ZxgKTJg5ZKDo+koRRTpqKKkY6kSAo8Blp++Orqd9+IELSkN+pSUTcAA05HVCMlJY8q8y9m4ry7CN4YTr2fXJcO0+hyb2kJwLoI5FmpmeV7KqdAS4SJyclkKPhWV+9fojjgHCFGZKy69iRchMkFMWMpGYvliRCeIyGpKspRwGRbpK9k8KyVvpwEApdXMFM/T2RoEDKSeDrzgCpkZz3puJ/XjdWgzM3oTyKFeF4tmgQM6hCOM0G9qkgWLGJJggLqm+FeIQEwkonaOoQnPmXF0mrVnXsqnN7Uqpf5nEUwQE4BBXggFNQB9egAZoAg0fwDF7Bm/FkvBjvxsestWDkM/vgD4zPHzq+mRM=</latexit><latexit sha1_base64="58NGQRCuFgRtPvor1bZIj/s9IZw=">AAACDnicbVDLSsNAFJ3UV42vqEs3g6VQF5akCCq4KLpxI1SwD2hjmEyn7dDJJMxMhBLyBW78FTcuFHHr2p1/4zTNQlsPXDiccy/33uNHjEpl299GYWl5ZXWtuG5ubG5t71i7ey0ZxgKTJg5ZKDo+koRRTpqKKkY6kSAo8Blp++Orqd9+IELSkN+pSUTcAA05HVCMlJY8q8y9m4ry7CN4YTr2fXJcO0+hyb2kJwLoI5FmpmeV7KqdAS4SJyclkKPhWV+9fojjgHCFGZKy69iRchMkFMWMpGYvliRCeIyGpKspRwGRbpK9k8KyVvpwEApdXMFM/T2RoEDKSeDrzgCpkZz3puJ/XjdWgzM3oTyKFeF4tmgQM6hCOM0G9qkgWLGJJggLqm+FeIQEwkonaOoQnPmXF0mrVnXsqnN7Uqpf5nEUwQE4BBXggFNQB9egAZoAg0fwDF7Bm/FkvBjvxsestWDkM/vgD4zPHzq+mRM=</latexit><latexit sha1_base64="58NGQRCuFgRtPvor1bZIj/s9IZw=">AAACDnicbVDLSsNAFJ3UV42vqEs3g6VQF5akCCq4KLpxI1SwD2hjmEyn7dDJJMxMhBLyBW78FTcuFHHr2p1/4zTNQlsPXDiccy/33uNHjEpl299GYWl5ZXWtuG5ubG5t71i7ey0ZxgKTJg5ZKDo+koRRTpqKKkY6kSAo8Blp++Orqd9+IELSkN+pSUTcAA05HVCMlJY8q8y9m4ry7CN4YTr2fXJcO0+hyb2kJwLoI5FmpmeV7KqdAS4SJyclkKPhWV+9fojjgHCFGZKy69iRchMkFMWMpGYvliRCeIyGpKspRwGRbpK9k8KyVvpwEApdXMFM/T2RoEDKSeDrzgCpkZz3puJ/XjdWgzM3oTyKFeF4tmgQM6hCOM0G9qkgWLGJJggLqm+FeIQEwkonaOoQnPmXF0mrVnXsqnN7Uqpf5nEUwQE4BBXggFNQB9egAZoAg0fwDF7Bm/FkvBjvxsestWDkM/vgD4zPHzq+mRM=</latexit>
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Inflação: um período no Universo 
primordial com expansão acelerada. ä > 0

<latexit sha1_base64="KyOTd+TgHWsXIGSePl8xFa+/q7g=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0JMUvXisYD+gDWWz2bRLN7txd1Ioob/DiwdFvPpjvPlv3LQ5aOuDgcd7M8zMCxLBDbjut1NaW9/Y3CpvV3Z29/YPqodHbaNSTVmLKqF0NyCGCS5ZCzgI1k00I3EgWCcY3+V+Z8K04Uo+wjRhfkyGkkecErCS3w9DBRmZ4RvsVgbVmlt358CrxCtIDRVoDqpf/VDRNGYSqCDG9Dw3AT8jGjgVbFbpp4YlhI7JkPUslSRmxs/mR8/wmVVCHCltSwKeq78nMhIbM40D2xkTGJllLxf/83opRNd+xmWSApN0sShKBQaF8wRwyDWjIKaWEKq5vRXTEdGEgs0pD8FbfnmVtC/qnlv3Hi5rjdsijjI6QafoHHnoCjXQPWqiFqLoCT2jV/TmTJwX5935WLSWnGLmGP2B8/kDPi6RFA==</latexit><latexit sha1_base64="KyOTd+TgHWsXIGSePl8xFa+/q7g=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0JMUvXisYD+gDWWz2bRLN7txd1Ioob/DiwdFvPpjvPlv3LQ5aOuDgcd7M8zMCxLBDbjut1NaW9/Y3CpvV3Z29/YPqodHbaNSTVmLKqF0NyCGCS5ZCzgI1k00I3EgWCcY3+V+Z8K04Uo+wjRhfkyGkkecErCS3w9DBRmZ4RvsVgbVmlt358CrxCtIDRVoDqpf/VDRNGYSqCDG9Dw3AT8jGjgVbFbpp4YlhI7JkPUslSRmxs/mR8/wmVVCHCltSwKeq78nMhIbM40D2xkTGJllLxf/83opRNd+xmWSApN0sShKBQaF8wRwyDWjIKaWEKq5vRXTEdGEgs0pD8FbfnmVtC/qnlv3Hi5rjdsijjI6QafoHHnoCjXQPWqiFqLoCT2jV/TmTJwX5935WLSWnGLmGP2B8/kDPi6RFA==</latexit><latexit sha1_base64="KyOTd+TgHWsXIGSePl8xFa+/q7g=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0JMUvXisYD+gDWWz2bRLN7txd1Ioob/DiwdFvPpjvPlv3LQ5aOuDgcd7M8zMCxLBDbjut1NaW9/Y3CpvV3Z29/YPqodHbaNSTVmLKqF0NyCGCS5ZCzgI1k00I3EgWCcY3+V+Z8K04Uo+wjRhfkyGkkecErCS3w9DBRmZ4RvsVgbVmlt358CrxCtIDRVoDqpf/VDRNGYSqCDG9Dw3AT8jGjgVbFbpp4YlhI7JkPUslSRmxs/mR8/wmVVCHCltSwKeq78nMhIbM40D2xkTGJllLxf/83opRNd+xmWSApN0sShKBQaF8wRwyDWjIKaWEKq5vRXTEdGEgs0pD8FbfnmVtC/qnlv3Hi5rjdsijjI6QafoHHnoCjXQPWqiFqLoCT2jV/TmTJwX5935WLSWnGLmGP2B8/kDPi6RFA==</latexit><latexit sha1_base64="KyOTd+TgHWsXIGSePl8xFa+/q7g=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0JMUvXisYD+gDWWz2bRLN7txd1Ioob/DiwdFvPpjvPlv3LQ5aOuDgcd7M8zMCxLBDbjut1NaW9/Y3CpvV3Z29/YPqodHbaNSTVmLKqF0NyCGCS5ZCzgI1k00I3EgWCcY3+V+Z8K04Uo+wjRhfkyGkkecErCS3w9DBRmZ4RvsVgbVmlt358CrxCtIDRVoDqpf/VDRNGYSqCDG9Dw3AT8jGjgVbFbpp4YlhI7JkPUslSRmxs/mR8/wmVVCHCltSwKeq78nMhIbM40D2xkTGJllLxf/83opRNd+xmWSApN0sShKBQaF8wRwyDWjIKaWEKq5vRXTEdGEgs0pD8FbfnmVtC/qnlv3Hi5rjdsijjI6QafoHHnoCjXQPWqiFqLoCT2jV/TmTJwX5935WLSWnGLmGP2B8/kDPi6RFA==</latexit>
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w < �1

3
<latexit sha1_base64="LmMVcVV03o8S7Mpej0Q18F/nOXA=">AAAB+3icbVDLSgMxFL3js9bXWJdugkVwY5lRQRcuim5cVrAPaIeSSdM2NJMMSUYtw/yKGxeKuPVH3Pk3pu0stPVA4HDOudybE8acaeN5387S8srq2npho7i5tb2z6+6VGlomitA6kVyqVog15UzQumGG01asKI5CTpvh6GbiNx+o0kyKezOOaRDhgWB9RrCxUtctoUd0hU5Q6qOOtEF0lnXdslfxpkCLxM9JGXLUuu5XpydJElFhCMdat30vNkGKlWGE06zYSTSNMRnhAW1bKnBEdZBOb8/QkVV6qC+VfcKgqfp7IsWR1uMotMkIm6Ge9ybif147Mf3LIGUiTgwVZLaon3BkJJoUgXpMUWL42BJMFLO3IjLEChNj6yraEvz5Ly+SxmnF9yr+3Xm5ep3XUYADOIRj8OECqnALNagDgSd4hld4czLnxXl3PmbRJSef2Yc/cD5/APWpknM=</latexit><latexit sha1_base64="LmMVcVV03o8S7Mpej0Q18F/nOXA=">AAAB+3icbVDLSgMxFL3js9bXWJdugkVwY5lRQRcuim5cVrAPaIeSSdM2NJMMSUYtw/yKGxeKuPVH3Pk3pu0stPVA4HDOudybE8acaeN5387S8srq2npho7i5tb2z6+6VGlomitA6kVyqVog15UzQumGG01asKI5CTpvh6GbiNx+o0kyKezOOaRDhgWB9RrCxUtctoUd0hU5Q6qOOtEF0lnXdslfxpkCLxM9JGXLUuu5XpydJElFhCMdat30vNkGKlWGE06zYSTSNMRnhAW1bKnBEdZBOb8/QkVV6qC+VfcKgqfp7IsWR1uMotMkIm6Ge9ybif147Mf3LIGUiTgwVZLaon3BkJJoUgXpMUWL42BJMFLO3IjLEChNj6yraEvz5Ly+SxmnF9yr+3Xm5ep3XUYADOIRj8OECqnALNagDgSd4hld4czLnxXl3PmbRJSef2Yc/cD5/APWpknM=</latexit><latexit sha1_base64="LmMVcVV03o8S7Mpej0Q18F/nOXA=">AAAB+3icbVDLSgMxFL3js9bXWJdugkVwY5lRQRcuim5cVrAPaIeSSdM2NJMMSUYtw/yKGxeKuPVH3Pk3pu0stPVA4HDOudybE8acaeN5387S8srq2npho7i5tb2z6+6VGlomitA6kVyqVog15UzQumGG01asKI5CTpvh6GbiNx+o0kyKezOOaRDhgWB9RrCxUtctoUd0hU5Q6qOOtEF0lnXdslfxpkCLxM9JGXLUuu5XpydJElFhCMdat30vNkGKlWGE06zYSTSNMRnhAW1bKnBEdZBOb8/QkVV6qC+VfcKgqfp7IsWR1uMotMkIm6Ge9ybif147Mf3LIGUiTgwVZLaon3BkJJoUgXpMUWL42BJMFLO3IjLEChNj6yraEvz5Ly+SxmnF9yr+3Xm5ep3XUYADOIRj8OECqnALNagDgSd4hld4czLnxXl3PmbRJSef2Yc/cD5/APWpknM=</latexit><latexit sha1_base64="LmMVcVV03o8S7Mpej0Q18F/nOXA=">AAAB+3icbVDLSgMxFL3js9bXWJdugkVwY5lRQRcuim5cVrAPaIeSSdM2NJMMSUYtw/yKGxeKuPVH3Pk3pu0stPVA4HDOudybE8acaeN5387S8srq2npho7i5tb2z6+6VGlomitA6kVyqVog15UzQumGG01asKI5CTpvh6GbiNx+o0kyKezOOaRDhgWB9RrCxUtctoUd0hU5Q6qOOtEF0lnXdslfxpkCLxM9JGXLUuu5XpydJElFhCMdat30vNkGKlWGE06zYSTSNMRnhAW1bKnBEdZBOb8/QkVV6qC+VfcKgqfp7IsWR1uMotMkIm6Ge9ybif147Mf3LIGUiTgwVZLaon3BkJJoUgXpMUWL42BJMFLO3IjLEChNj6yraEvz5Ly+SxmnF9yr+3Xm5ep3XUYADOIRj8OECqnALNagDgSd4hld4czLnxXl3PmbRJSef2Yc/cD5/APWpknM=</latexit>

ä > 0
<latexit sha1_base64="GEBf4iBnatvzBicCbQqaj+dbtLg=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvXisYD+gCWWz2bZLN5uwOxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwlQKg6777ZTW1jc2t8rblZ3dvf2D6uFR2ySZZrzFEpnobkgNl0LxFgqUvJtqTuNQ8k44vpv5nSeujUjUI05SHsR0qMRAMIpW8v0oSjCnU3JD3H615tbdOcgq8QpSgwLNfvXLjxKWxVwhk9SYnuemGORUo2CSTyt+ZnhK2ZgOec9SRWNugnx+85ScWSUig0TbUkjm6u+JnMbGTOLQdsYUR2bZm4n/eb0MB9dBLlSaIVdssWiQSYIJmQVAIqE5QzmxhDIt7K2EjaimDG1MFRuCt/zyKmlf1D237j1c1hq3RRxlOIFTOAcPrqAB99CEFjBI4Rle4c3JnBfn3flYtJacYuYY/sD5/AEF/pEA</latexit><latexit sha1_base64="GEBf4iBnatvzBicCbQqaj+dbtLg=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvXisYD+gCWWz2bZLN5uwOxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwlQKg6777ZTW1jc2t8rblZ3dvf2D6uFR2ySZZrzFEpnobkgNl0LxFgqUvJtqTuNQ8k44vpv5nSeujUjUI05SHsR0qMRAMIpW8v0oSjCnU3JD3H615tbdOcgq8QpSgwLNfvXLjxKWxVwhk9SYnuemGORUo2CSTyt+ZnhK2ZgOec9SRWNugnx+85ScWSUig0TbUkjm6u+JnMbGTOLQdsYUR2bZm4n/eb0MB9dBLlSaIVdssWiQSYIJmQVAIqE5QzmxhDIt7K2EjaimDG1MFRuCt/zyKmlf1D237j1c1hq3RRxlOIFTOAcPrqAB99CEFjBI4Rle4c3JnBfn3flYtJacYuYY/sD5/AEF/pEA</latexit><latexit sha1_base64="GEBf4iBnatvzBicCbQqaj+dbtLg=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvXisYD+gCWWz2bZLN5uwOxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwlQKg6777ZTW1jc2t8rblZ3dvf2D6uFR2ySZZrzFEpnobkgNl0LxFgqUvJtqTuNQ8k44vpv5nSeujUjUI05SHsR0qMRAMIpW8v0oSjCnU3JD3H615tbdOcgq8QpSgwLNfvXLjxKWxVwhk9SYnuemGORUo2CSTyt+ZnhK2ZgOec9SRWNugnx+85ScWSUig0TbUkjm6u+JnMbGTOLQdsYUR2bZm4n/eb0MB9dBLlSaIVdssWiQSYIJmQVAIqE5QzmxhDIt7K2EjaimDG1MFRuCt/zyKmlf1D237j1c1hq3RRxlOIFTOAcPrqAB99CEFjBI4Rle4c3JnBfn3flYtJacYuYY/sD5/AEF/pEA</latexit><latexit sha1_base64="GEBf4iBnatvzBicCbQqaj+dbtLg=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvXisYD+gCWWz2bZLN5uwOxFK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzwlQKg6777ZTW1jc2t8rblZ3dvf2D6uFR2ySZZrzFEpnobkgNl0LxFgqUvJtqTuNQ8k44vpv5nSeujUjUI05SHsR0qMRAMIpW8v0oSjCnU3JD3H615tbdOcgq8QpSgwLNfvXLjxKWxVwhk9SYnuemGORUo2CSTyt+ZnhK2ZgOec9SRWNugnx+85ScWSUig0TbUkjm6u+JnMbGTOLQdsYUR2bZm4n/eb0MB9dBLlSaIVdssWiQSYIJmQVAIqE5QzmxhDIt7K2EjaimDG1MFRuCt/zyKmlf1D237j1c1hq3RRxlOIFTOAcPrqAB99CEFjBI4Rle4c3JnBfn3flYtJacYuYY/sD5/AEF/pEA</latexit>

P = w✏
<latexit sha1_base64="jcCTCOVhldL3W2WkswYjwKZrrMs=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIehGKXjxWsB/QxrLZTtqlm03Y3VhK6P/w4kERr/4Xb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHDR2nimGdxSJWrYBqFFxi3XAjsJUopFEgsBkMb6d+8wmV5rF8MOME/Yj2JQ85o8ZKjzVyTUakg4nmIpbdUtmtuDOQZeLlpAw5at3SV6cXszRCaZigWrc9NzF+RpXhTOCk2Ek1JpQNaR/blkoaofaz2dUTcmqVHgljZUsaMlN/T2Q00nocBbYzomagF72p+J/XTk145WdcJqlByeaLwlQQE5NpBKTHFTIjxpZQpri9lbABVZQZG1TRhuAtvrxMGucVz6149xfl6k0eRwGO4QTOwINLqMId1KAODBQ8wyu8OSPnxXl3PuatK04+cwR/4Hz+AFT2kcA=</latexit><latexit sha1_base64="jcCTCOVhldL3W2WkswYjwKZrrMs=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIehGKXjxWsB/QxrLZTtqlm03Y3VhK6P/w4kERr/4Xb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHDR2nimGdxSJWrYBqFFxi3XAjsJUopFEgsBkMb6d+8wmV5rF8MOME/Yj2JQ85o8ZKjzVyTUakg4nmIpbdUtmtuDOQZeLlpAw5at3SV6cXszRCaZigWrc9NzF+RpXhTOCk2Ek1JpQNaR/blkoaofaz2dUTcmqVHgljZUsaMlN/T2Q00nocBbYzomagF72p+J/XTk145WdcJqlByeaLwlQQE5NpBKTHFTIjxpZQpri9lbABVZQZG1TRhuAtvrxMGucVz6149xfl6k0eRwGO4QTOwINLqMId1KAODBQ8wyu8OSPnxXl3PuatK04+cwR/4Hz+AFT2kcA=</latexit><latexit sha1_base64="jcCTCOVhldL3W2WkswYjwKZrrMs=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIehGKXjxWsB/QxrLZTtqlm03Y3VhK6P/w4kERr/4Xb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHDR2nimGdxSJWrYBqFFxi3XAjsJUopFEgsBkMb6d+8wmV5rF8MOME/Yj2JQ85o8ZKjzVyTUakg4nmIpbdUtmtuDOQZeLlpAw5at3SV6cXszRCaZigWrc9NzF+RpXhTOCk2Ek1JpQNaR/blkoaofaz2dUTcmqVHgljZUsaMlN/T2Q00nocBbYzomagF72p+J/XTk145WdcJqlByeaLwlQQE5NpBKTHFTIjxpZQpri9lbABVZQZG1TRhuAtvrxMGucVz6149xfl6k0eRwGO4QTOwINLqMId1KAODBQ8wyu8OSPnxXl3PuatK04+cwR/4Hz+AFT2kcA=</latexit><latexit sha1_base64="jcCTCOVhldL3W2WkswYjwKZrrMs=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIehGKXjxWsB/QxrLZTtqlm03Y3VhK6P/w4kERr/4Xb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHDR2nimGdxSJWrYBqFFxi3XAjsJUopFEgsBkMb6d+8wmV5rF8MOME/Yj2JQ85o8ZKjzVyTUakg4nmIpbdUtmtuDOQZeLlpAw5at3SV6cXszRCaZigWrc9NzF+RpXhTOCk2Ek1JpQNaR/blkoaofaz2dUTcmqVHgljZUsaMlN/T2Q00nocBbYzomagF72p+J/XTk145WdcJqlByeaLwlQQE5NpBKTHFTIjxpZQpri9lbABVZQZG1TRhuAtvrxMGucVz6149xfl6k0eRwGO4QTOwINLqMId1KAODBQ8wyu8OSPnxXl3PuatK04+cwR/4Hz+AFT2kcA=</latexit>

Equação de estado:
P < � ✏

3
<latexit sha1_base64="BybIh8qnQpo4aVilGktjXMcc/Q8=">AAACAnicbVDLSgMxFL3js9ZX1ZW4CRbBjWVGBV24KLpxWcE+oDOUTJq2oZlkSDJCGYobf8WNC0Xc+hXu/Bsz7Sy09UDgcM653NwTxpxp47rfzsLi0vLKamGtuL6xubVd2tltaJkoQutEcqlaIdaUM0HrhhlOW7GiOAo5bYbDm8xvPlClmRT3ZhTTIMJ9wXqMYGOlTmm/hq7QCUp9GmvGpUC+tHF0Ni52SmW34k6A5omXkzLkqHVKX35XkiSiwhCOtW57bmyCFCvDCKfjop9oGmMyxH3atlTgiOognZwwRkdW6aKeVPYJgybq74kUR1qPotAmI2wGetbLxP+8dmJ6l0HKRJwYKsh0US/hyEiU9YG6TFFi+MgSTBSzf0VkgBUmxraWleDNnjxPGqcVz614d+fl6nVeRwEO4BCOwYMLqMIt1KAOBB7hGV7hzXlyXpx352MaXXDymT34A+fzB5frlaE=</latexit><latexit sha1_base64="BybIh8qnQpo4aVilGktjXMcc/Q8=">AAACAnicbVDLSgMxFL3js9ZX1ZW4CRbBjWVGBV24KLpxWcE+oDOUTJq2oZlkSDJCGYobf8WNC0Xc+hXu/Bsz7Sy09UDgcM653NwTxpxp47rfzsLi0vLKamGtuL6xubVd2tltaJkoQutEcqlaIdaUM0HrhhlOW7GiOAo5bYbDm8xvPlClmRT3ZhTTIMJ9wXqMYGOlTmm/hq7QCUp9GmvGpUC+tHF0Ni52SmW34k6A5omXkzLkqHVKX35XkiSiwhCOtW57bmyCFCvDCKfjop9oGmMyxH3atlTgiOognZwwRkdW6aKeVPYJgybq74kUR1qPotAmI2wGetbLxP+8dmJ6l0HKRJwYKsh0US/hyEiU9YG6TFFi+MgSTBSzf0VkgBUmxraWleDNnjxPGqcVz614d+fl6nVeRwEO4BCOwYMLqMIt1KAOBB7hGV7hzXlyXpx352MaXXDymT34A+fzB5frlaE=</latexit><latexit sha1_base64="BybIh8qnQpo4aVilGktjXMcc/Q8=">AAACAnicbVDLSgMxFL3js9ZX1ZW4CRbBjWVGBV24KLpxWcE+oDOUTJq2oZlkSDJCGYobf8WNC0Xc+hXu/Bsz7Sy09UDgcM653NwTxpxp47rfzsLi0vLKamGtuL6xubVd2tltaJkoQutEcqlaIdaUM0HrhhlOW7GiOAo5bYbDm8xvPlClmRT3ZhTTIMJ9wXqMYGOlTmm/hq7QCUp9GmvGpUC+tHF0Ni52SmW34k6A5omXkzLkqHVKX35XkiSiwhCOtW57bmyCFCvDCKfjop9oGmMyxH3atlTgiOognZwwRkdW6aKeVPYJgybq74kUR1qPotAmI2wGetbLxP+8dmJ6l0HKRJwYKsh0US/hyEiU9YG6TFFi+MgSTBSzf0VkgBUmxraWleDNnjxPGqcVz614d+fl6nVeRwEO4BCOwYMLqMIt1KAOBB7hGV7hzXlyXpx352MaXXDymT34A+fzB5frlaE=</latexit><latexit sha1_base64="BybIh8qnQpo4aVilGktjXMcc/Q8=">AAACAnicbVDLSgMxFL3js9ZX1ZW4CRbBjWVGBV24KLpxWcE+oDOUTJq2oZlkSDJCGYobf8WNC0Xc+hXu/Bsz7Sy09UDgcM653NwTxpxp47rfzsLi0vLKamGtuL6xubVd2tltaJkoQutEcqlaIdaUM0HrhhlOW7GiOAo5bYbDm8xvPlClmRT3ZhTTIMJ9wXqMYGOlTmm/hq7QCUp9GmvGpUC+tHF0Ni52SmW34k6A5omXkzLkqHVKX35XkiSiwhCOtW57bmyCFCvDCKfjop9oGmMyxH3atlTgiOognZwwRkdW6aKeVPYJgybq74kUR1qPotAmI2wGetbLxP+8dmJ6l0HKRJwYKsh0US/hyEiU9YG6TFFi+MgSTBSzf0VkgBUmxraWleDNnjxPGqcVz614d+fl6nVeRwEO4BCOwYMLqMIt1KAOBB7hGV7hzXlyXpx352MaXXDymT34A+fzB5frlaE=</latexit>

Inflação: um período no Universo 
primordial com expansão acelerada. ä > 0

<latexit sha1_base64="KyOTd+TgHWsXIGSePl8xFa+/q7g=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0JMUvXisYD+gDWWz2bRLN7txd1Ioob/DiwdFvPpjvPlv3LQ5aOuDgcd7M8zMCxLBDbjut1NaW9/Y3CpvV3Z29/YPqodHbaNSTVmLKqF0NyCGCS5ZCzgI1k00I3EgWCcY3+V+Z8K04Uo+wjRhfkyGkkecErCS3w9DBRmZ4RvsVgbVmlt358CrxCtIDRVoDqpf/VDRNGYSqCDG9Dw3AT8jGjgVbFbpp4YlhI7JkPUslSRmxs/mR8/wmVVCHCltSwKeq78nMhIbM40D2xkTGJllLxf/83opRNd+xmWSApN0sShKBQaF8wRwyDWjIKaWEKq5vRXTEdGEgs0pD8FbfnmVtC/qnlv3Hi5rjdsijjI6QafoHHnoCjXQPWqiFqLoCT2jV/TmTJwX5935WLSWnGLmGP2B8/kDPi6RFA==</latexit><latexit sha1_base64="KyOTd+TgHWsXIGSePl8xFa+/q7g=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0JMUvXisYD+gDWWz2bRLN7txd1Ioob/DiwdFvPpjvPlv3LQ5aOuDgcd7M8zMCxLBDbjut1NaW9/Y3CpvV3Z29/YPqodHbaNSTVmLKqF0NyCGCS5ZCzgI1k00I3EgWCcY3+V+Z8K04Uo+wjRhfkyGkkecErCS3w9DBRmZ4RvsVgbVmlt358CrxCtIDRVoDqpf/VDRNGYSqCDG9Dw3AT8jGjgVbFbpp4YlhI7JkPUslSRmxs/mR8/wmVVCHCltSwKeq78nMhIbM40D2xkTGJllLxf/83opRNd+xmWSApN0sShKBQaF8wRwyDWjIKaWEKq5vRXTEdGEgs0pD8FbfnmVtC/qnlv3Hi5rjdsijjI6QafoHHnoCjXQPWqiFqLoCT2jV/TmTJwX5935WLSWnGLmGP2B8/kDPi6RFA==</latexit><latexit sha1_base64="KyOTd+TgHWsXIGSePl8xFa+/q7g=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0JMUvXisYD+gDWWz2bRLN7txd1Ioob/DiwdFvPpjvPlv3LQ5aOuDgcd7M8zMCxLBDbjut1NaW9/Y3CpvV3Z29/YPqodHbaNSTVmLKqF0NyCGCS5ZCzgI1k00I3EgWCcY3+V+Z8K04Uo+wjRhfkyGkkecErCS3w9DBRmZ4RvsVgbVmlt358CrxCtIDRVoDqpf/VDRNGYSqCDG9Dw3AT8jGjgVbFbpp4YlhI7JkPUslSRmxs/mR8/wmVVCHCltSwKeq78nMhIbM40D2xkTGJllLxf/83opRNd+xmWSApN0sShKBQaF8wRwyDWjIKaWEKq5vRXTEdGEgs0pD8FbfnmVtC/qnlv3Hi5rjdsijjI6QafoHHnoCjXQPWqiFqLoCT2jV/TmTJwX5935WLSWnGLmGP2B8/kDPi6RFA==</latexit><latexit sha1_base64="KyOTd+TgHWsXIGSePl8xFa+/q7g=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0JMUvXisYD+gDWWz2bRLN7txd1Ioob/DiwdFvPpjvPlv3LQ5aOuDgcd7M8zMCxLBDbjut1NaW9/Y3CpvV3Z29/YPqodHbaNSTVmLKqF0NyCGCS5ZCzgI1k00I3EgWCcY3+V+Z8K04Uo+wjRhfkyGkkecErCS3w9DBRmZ4RvsVgbVmlt358CrxCtIDRVoDqpf/VDRNGYSqCDG9Dw3AT8jGjgVbFbpp4YlhI7JkPUslSRmxs/mR8/wmVVCHCltSwKeq78nMhIbM40D2xkTGJllLxf/83opRNd+xmWSApN0sShKBQaF8wRwyDWjIKaWEKq5vRXTEdGEgs0pD8FbfnmVtC/qnlv3Hi5rjdsijjI6QafoHHnoCjXQPWqiFqLoCT2jV/TmTJwX5935WLSWnGLmGP2B8/kDPi6RFA==</latexit>

ä

a
= �4⇡G

3c2
(✏+ 3P )

<latexit sha1_base64="aAg8uEqt4C9Ce1oNvXlrRmsTtbU="></latexit><latexit sha1_base64="aAg8uEqt4C9Ce1oNvXlrRmsTtbU="></latexit><latexit sha1_base64="aAg8uEqt4C9Ce1oNvXlrRmsTtbU="></latexit><latexit sha1_base64="aAg8uEqt4C9Ce1oNvXlrRmsTtbU="></latexit>

Equação de aceleração (10)

A mais simples implementação da inflação 
é o Universo temporariamente atender à: w = �1

<latexit sha1_base64="B5vVNv0rAEaqbGuKktXjVU7zWkc=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4sWxE0ItQ9OKxgv2AdinZNNvGZpMlySpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwY33/21taXlldWy9sFDe3tnd2S3v7DaNSTVmdKqF0KySGCS5Z3XIrWCvRjMShYM1weDPxm49MG67kvR0lLIhJX/KIU2Kd1HhCV+gUd0tlv+JPgRYJzkkZctS6pa9OT9E0ZtJSQYxpYz+xQUa05VSwcbGTGpYQOiR91nZUkpiZIJteO0bHTumhSGlX0qKp+nsiI7Exozh0nTGxAzPvTcT/vHZqo8sg4zJJLZN0tihKBbIKTV5HPa4ZtWLkCKGau1sRHRBNqHUBFV0IeP7lRdI4q2C/gu/Oy9XrPI4CHMIRnACGC6jCLdSgDhQe4Ble4c1T3ov37n3MWpe8fOYA/sD7/AHtPo4I</latexit><latexit sha1_base64="B5vVNv0rAEaqbGuKktXjVU7zWkc=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4sWxE0ItQ9OKxgv2AdinZNNvGZpMlySpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwY33/21taXlldWy9sFDe3tnd2S3v7DaNSTVmdKqF0KySGCS5Z3XIrWCvRjMShYM1weDPxm49MG67kvR0lLIhJX/KIU2Kd1HhCV+gUd0tlv+JPgRYJzkkZctS6pa9OT9E0ZtJSQYxpYz+xQUa05VSwcbGTGpYQOiR91nZUkpiZIJteO0bHTumhSGlX0qKp+nsiI7Exozh0nTGxAzPvTcT/vHZqo8sg4zJJLZN0tihKBbIKTV5HPa4ZtWLkCKGau1sRHRBNqHUBFV0IeP7lRdI4q2C/gu/Oy9XrPI4CHMIRnACGC6jCLdSgDhQe4Ble4c1T3ov37n3MWpe8fOYA/sD7/AHtPo4I</latexit><latexit sha1_base64="B5vVNv0rAEaqbGuKktXjVU7zWkc=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4sWxE0ItQ9OKxgv2AdinZNNvGZpMlySpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwY33/21taXlldWy9sFDe3tnd2S3v7DaNSTVmdKqF0KySGCS5Z3XIrWCvRjMShYM1weDPxm49MG67kvR0lLIhJX/KIU2Kd1HhCV+gUd0tlv+JPgRYJzkkZctS6pa9OT9E0ZtJSQYxpYz+xQUa05VSwcbGTGpYQOiR91nZUkpiZIJteO0bHTumhSGlX0qKp+nsiI7Exozh0nTGxAzPvTcT/vHZqo8sg4zJJLZN0tihKBbIKTV5HPa4ZtWLkCKGau1sRHRBNqHUBFV0IeP7lRdI4q2C/gu/Oy9XrPI4CHMIRnACGC6jCLdSgDhQe4Ble4c1T3ov37n3MWpe8fOYA/sD7/AHtPo4I</latexit><latexit sha1_base64="B5vVNv0rAEaqbGuKktXjVU7zWkc=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4sWxE0ItQ9OKxgv2AdinZNNvGZpMlySpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwY33/21taXlldWy9sFDe3tnd2S3v7DaNSTVmdKqF0KySGCS5Z3XIrWCvRjMShYM1weDPxm49MG67kvR0lLIhJX/KIU2Kd1HhCV+gUd0tlv+JPgRYJzkkZctS6pa9OT9E0ZtJSQYxpYz+xQUa05VSwcbGTGpYQOiR91nZUkpiZIJteO0bHTumhSGlX0qKp+nsiI7Exozh0nTGxAzPvTcT/vHZqo8sg4zJJLZN0tihKBbIKTV5HPa4ZtWLkCKGau1sRHRBNqHUBFV0IeP7lRdI4q2C/gu/Oy9XrPI4CHMIRnACGC6jCLdSgDhQe4Ble4c1T3ov37n3MWpe8fOYA/sD7/AHtPo4I</latexit>
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10.4 A Solução via Inflação

Inflação: um período no Universo 
primordial com expansão acelerada. ä > 0

<latexit sha1_base64="KyOTd+TgHWsXIGSePl8xFa+/q7g=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0JMUvXisYD+gDWWz2bRLN7txd1Ioob/DiwdFvPpjvPlv3LQ5aOuDgcd7M8zMCxLBDbjut1NaW9/Y3CpvV3Z29/YPqodHbaNSTVmLKqF0NyCGCS5ZCzgI1k00I3EgWCcY3+V+Z8K04Uo+wjRhfkyGkkecErCS3w9DBRmZ4RvsVgbVmlt358CrxCtIDRVoDqpf/VDRNGYSqCDG9Dw3AT8jGjgVbFbpp4YlhI7JkPUslSRmxs/mR8/wmVVCHCltSwKeq78nMhIbM40D2xkTGJllLxf/83opRNd+xmWSApN0sShKBQaF8wRwyDWjIKaWEKq5vRXTEdGEgs0pD8FbfnmVtC/qnlv3Hi5rjdsijjI6QafoHHnoCjXQPWqiFqLoCT2jV/TmTJwX5935WLSWnGLmGP2B8/kDPi6RFA==</latexit><latexit sha1_base64="KyOTd+TgHWsXIGSePl8xFa+/q7g=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0JMUvXisYD+gDWWz2bRLN7txd1Ioob/DiwdFvPpjvPlv3LQ5aOuDgcd7M8zMCxLBDbjut1NaW9/Y3CpvV3Z29/YPqodHbaNSTVmLKqF0NyCGCS5ZCzgI1k00I3EgWCcY3+V+Z8K04Uo+wjRhfkyGkkecErCS3w9DBRmZ4RvsVgbVmlt358CrxCtIDRVoDqpf/VDRNGYSqCDG9Dw3AT8jGjgVbFbpp4YlhI7JkPUslSRmxs/mR8/wmVVCHCltSwKeq78nMhIbM40D2xkTGJllLxf/83opRNd+xmWSApN0sShKBQaF8wRwyDWjIKaWEKq5vRXTEdGEgs0pD8FbfnmVtC/qnlv3Hi5rjdsijjI6QafoHHnoCjXQPWqiFqLoCT2jV/TmTJwX5935WLSWnGLmGP2B8/kDPi6RFA==</latexit><latexit sha1_base64="KyOTd+TgHWsXIGSePl8xFa+/q7g=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0JMUvXisYD+gDWWz2bRLN7txd1Ioob/DiwdFvPpjvPlv3LQ5aOuDgcd7M8zMCxLBDbjut1NaW9/Y3CpvV3Z29/YPqodHbaNSTVmLKqF0NyCGCS5ZCzgI1k00I3EgWCcY3+V+Z8K04Uo+wjRhfkyGkkecErCS3w9DBRmZ4RvsVgbVmlt358CrxCtIDRVoDqpf/VDRNGYSqCDG9Dw3AT8jGjgVbFbpp4YlhI7JkPUslSRmxs/mR8/wmVVCHCltSwKeq78nMhIbM40D2xkTGJllLxf/83opRNd+xmWSApN0sShKBQaF8wRwyDWjIKaWEKq5vRXTEdGEgs0pD8FbfnmVtC/qnlv3Hi5rjdsijjI6QafoHHnoCjXQPWqiFqLoCT2jV/TmTJwX5935WLSWnGLmGP2B8/kDPi6RFA==</latexit><latexit sha1_base64="KyOTd+TgHWsXIGSePl8xFa+/q7g=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0JMUvXisYD+gDWWz2bRLN7txd1Ioob/DiwdFvPpjvPlv3LQ5aOuDgcd7M8zMCxLBDbjut1NaW9/Y3CpvV3Z29/YPqodHbaNSTVmLKqF0NyCGCS5ZCzgI1k00I3EgWCcY3+V+Z8K04Uo+wjRhfkyGkkecErCS3w9DBRmZ4RvsVgbVmlt358CrxCtIDRVoDqpf/VDRNGYSqCDG9Dw3AT8jGjgVbFbpp4YlhI7JkPUslSRmxs/mR8/wmVVCHCltSwKeq78nMhIbM40D2xkTGJllLxf/83opRNd+xmWSApN0sShKBQaF8wRwyDWjIKaWEKq5vRXTEdGEgs0pD8FbfnmVtC/qnlv3Hi5rjdsijjI6QafoHHnoCjXQPWqiFqLoCT2jV/TmTJwX5935WLSWnGLmGP2B8/kDPi6RFA==</latexit>

ä

a
= �4⇡G

3c2
(✏+ 3P )

<latexit sha1_base64="aAg8uEqt4C9Ce1oNvXlrRmsTtbU="></latexit><latexit sha1_base64="aAg8uEqt4C9Ce1oNvXlrRmsTtbU="></latexit><latexit sha1_base64="aAg8uEqt4C9Ce1oNvXlrRmsTtbU="></latexit><latexit sha1_base64="aAg8uEqt4C9Ce1oNvXlrRmsTtbU="></latexit>

Equação de aceleração
(10)

w = �1
<latexit sha1_base64="B5vVNv0rAEaqbGuKktXjVU7zWkc=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4sWxE0ItQ9OKxgv2AdinZNNvGZpMlySpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwY33/21taXlldWy9sFDe3tnd2S3v7DaNSTVmdKqF0KySGCS5Z3XIrWCvRjMShYM1weDPxm49MG67kvR0lLIhJX/KIU2Kd1HhCV+gUd0tlv+JPgRYJzkkZctS6pa9OT9E0ZtJSQYxpYz+xQUa05VSwcbGTGpYQOiR91nZUkpiZIJteO0bHTumhSGlX0qKp+nsiI7Exozh0nTGxAzPvTcT/vHZqo8sg4zJJLZN0tihKBbIKTV5HPa4ZtWLkCKGau1sRHRBNqHUBFV0IeP7lRdI4q2C/gu/Oy9XrPI4CHMIRnACGC6jCLdSgDhQe4Ble4c1T3ov37n3MWpe8fOYA/sD7/AHtPo4I</latexit><latexit sha1_base64="B5vVNv0rAEaqbGuKktXjVU7zWkc=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4sWxE0ItQ9OKxgv2AdinZNNvGZpMlySpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwY33/21taXlldWy9sFDe3tnd2S3v7DaNSTVmdKqF0KySGCS5Z3XIrWCvRjMShYM1weDPxm49MG67kvR0lLIhJX/KIU2Kd1HhCV+gUd0tlv+JPgRYJzkkZctS6pa9OT9E0ZtJSQYxpYz+xQUa05VSwcbGTGpYQOiR91nZUkpiZIJteO0bHTumhSGlX0qKp+nsiI7Exozh0nTGxAzPvTcT/vHZqo8sg4zJJLZN0tihKBbIKTV5HPa4ZtWLkCKGau1sRHRBNqHUBFV0IeP7lRdI4q2C/gu/Oy9XrPI4CHMIRnACGC6jCLdSgDhQe4Ble4c1T3ov37n3MWpe8fOYA/sD7/AHtPo4I</latexit><latexit sha1_base64="B5vVNv0rAEaqbGuKktXjVU7zWkc=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4sWxE0ItQ9OKxgv2AdinZNNvGZpMlySpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwY33/21taXlldWy9sFDe3tnd2S3v7DaNSTVmdKqF0KySGCS5Z3XIrWCvRjMShYM1weDPxm49MG67kvR0lLIhJX/KIU2Kd1HhCV+gUd0tlv+JPgRYJzkkZctS6pa9OT9E0ZtJSQYxpYz+xQUa05VSwcbGTGpYQOiR91nZUkpiZIJteO0bHTumhSGlX0qKp+nsiI7Exozh0nTGxAzPvTcT/vHZqo8sg4zJJLZN0tihKBbIKTV5HPa4ZtWLkCKGau1sRHRBNqHUBFV0IeP7lRdI4q2C/gu/Oy9XrPI4CHMIRnACGC6jCLdSgDhQe4Ble4c1T3ov37n3MWpe8fOYA/sD7/AHtPo4I</latexit><latexit sha1_base64="B5vVNv0rAEaqbGuKktXjVU7zWkc=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4sWxE0ItQ9OKxgv2AdinZNNvGZpMlySpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwY33/21taXlldWy9sFDe3tnd2S3v7DaNSTVmdKqF0KySGCS5Z3XIrWCvRjMShYM1weDPxm49MG67kvR0lLIhJX/KIU2Kd1HhCV+gUd0tlv+JPgRYJzkkZctS6pa9OT9E0ZtJSQYxpYz+xQUa05VSwcbGTGpYQOiR91nZUkpiZIJteO0bHTumhSGlX0qKp+nsiI7Exozh0nTGxAzPvTcT/vHZqo8sg4zJJLZN0tihKBbIKTV5HPa4ZtWLkCKGau1sRHRBNqHUBFV0IeP7lRdI4q2C/gu/Oy9XrPI4CHMIRnACGC6jCLdSgDhQe4Ble4c1T3ov37n3MWpe8fOYA/sD7/AHtPo4I</latexit>

ä

a
=

⇤i

3
> 0

<latexit sha1_base64="AVHare2GEkdshAopbpyfT4I2fPc=">AAACHHicbVDNS8MwHE3n16xfVY9egkPwNFoV9KIMvXjwMMF9wFpKmqZbWNqUJBVG6R/ixX/FiwdFvHgQ/G/Mtgq6+SDweO/9kvxekDIqlW1/GZWFxaXlleqquba+sbllbe+0Jc8EJi3MGRfdAEnCaEJaiipGuqkgKA4Y6QTDq7HfuSdCUp7cqVFKvBj1ExpRjJSWfOs4d8OQqxwV0OU6CDU5h2bu3ug7QuTnrogh/TGPC3gBbd+q2XV7AjhPnJLUQImmb324IcdZTBKFGZKy59ip8nIkFMWMFKabSZIiPER90tM0QTGRXj5ZroAHWglhxIU+iYIT9fdEjmIpR3GgkzFSAznrjcX/vF6mojMvp0maKZLg6UNRxqDicNwUDKkgWLGRJggLqv8K8QAJhJXu09QlOLMrz5P2Ud2x687tSa1xWdZRBXtgHxwCB5yCBrgGTdACGDyAJ/ACXo1H49l4M96n0YpRzuyCPzA+vwFDiqAq</latexit><latexit sha1_base64="AVHare2GEkdshAopbpyfT4I2fPc=">AAACHHicbVDNS8MwHE3n16xfVY9egkPwNFoV9KIMvXjwMMF9wFpKmqZbWNqUJBVG6R/ixX/FiwdFvHgQ/G/Mtgq6+SDweO/9kvxekDIqlW1/GZWFxaXlleqquba+sbllbe+0Jc8EJi3MGRfdAEnCaEJaiipGuqkgKA4Y6QTDq7HfuSdCUp7cqVFKvBj1ExpRjJSWfOs4d8OQqxwV0OU6CDU5h2bu3ug7QuTnrogh/TGPC3gBbd+q2XV7AjhPnJLUQImmb324IcdZTBKFGZKy59ip8nIkFMWMFKabSZIiPER90tM0QTGRXj5ZroAHWglhxIU+iYIT9fdEjmIpR3GgkzFSAznrjcX/vF6mojMvp0maKZLg6UNRxqDicNwUDKkgWLGRJggLqv8K8QAJhJXu09QlOLMrz5P2Ud2x687tSa1xWdZRBXtgHxwCB5yCBrgGTdACGDyAJ/ACXo1H49l4M96n0YpRzuyCPzA+vwFDiqAq</latexit><latexit sha1_base64="AVHare2GEkdshAopbpyfT4I2fPc=">AAACHHicbVDNS8MwHE3n16xfVY9egkPwNFoV9KIMvXjwMMF9wFpKmqZbWNqUJBVG6R/ixX/FiwdFvHgQ/G/Mtgq6+SDweO/9kvxekDIqlW1/GZWFxaXlleqquba+sbllbe+0Jc8EJi3MGRfdAEnCaEJaiipGuqkgKA4Y6QTDq7HfuSdCUp7cqVFKvBj1ExpRjJSWfOs4d8OQqxwV0OU6CDU5h2bu3ug7QuTnrogh/TGPC3gBbd+q2XV7AjhPnJLUQImmb324IcdZTBKFGZKy59ip8nIkFMWMFKabSZIiPER90tM0QTGRXj5ZroAHWglhxIU+iYIT9fdEjmIpR3GgkzFSAznrjcX/vF6mojMvp0maKZLg6UNRxqDicNwUDKkgWLGRJggLqv8K8QAJhJXu09QlOLMrz5P2Ud2x687tSa1xWdZRBXtgHxwCB5yCBrgGTdACGDyAJ/ACXo1H49l4M96n0YpRzuyCPzA+vwFDiqAq</latexit><latexit sha1_base64="AVHare2GEkdshAopbpyfT4I2fPc=">AAACHHicbVDNS8MwHE3n16xfVY9egkPwNFoV9KIMvXjwMMF9wFpKmqZbWNqUJBVG6R/ixX/FiwdFvHgQ/G/Mtgq6+SDweO/9kvxekDIqlW1/GZWFxaXlleqquba+sbllbe+0Jc8EJi3MGRfdAEnCaEJaiipGuqkgKA4Y6QTDq7HfuSdCUp7cqVFKvBj1ExpRjJSWfOs4d8OQqxwV0OU6CDU5h2bu3ug7QuTnrogh/TGPC3gBbd+q2XV7AjhPnJLUQImmb324IcdZTBKFGZKy59ip8nIkFMWMFKabSZIiPER90tM0QTGRXj5ZroAHWglhxIU+iYIT9fdEjmIpR3GgkzFSAznrjcX/vF6mojMvp0maKZLg6UNRxqDicNwUDKkgWLGRJggLqv8K8QAJhJXu09QlOLMrz5P2Ud2x687tSa1xWdZRBXtgHxwCB5yCBrgGTdACGDyAJ/ACXo1H49l4M96n0YpRzuyCPzA+vwFDiqAq</latexit>
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10.4 A Solução via Inflação

Inflação: um período no Universo 
primordial com expansão acelerada. ä > 0

<latexit sha1_base64="KyOTd+TgHWsXIGSePl8xFa+/q7g=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0JMUvXisYD+gDWWz2bRLN7txd1Ioob/DiwdFvPpjvPlv3LQ5aOuDgcd7M8zMCxLBDbjut1NaW9/Y3CpvV3Z29/YPqodHbaNSTVmLKqF0NyCGCS5ZCzgI1k00I3EgWCcY3+V+Z8K04Uo+wjRhfkyGkkecErCS3w9DBRmZ4RvsVgbVmlt358CrxCtIDRVoDqpf/VDRNGYSqCDG9Dw3AT8jGjgVbFbpp4YlhI7JkPUslSRmxs/mR8/wmVVCHCltSwKeq78nMhIbM40D2xkTGJllLxf/83opRNd+xmWSApN0sShKBQaF8wRwyDWjIKaWEKq5vRXTEdGEgs0pD8FbfnmVtC/qnlv3Hi5rjdsijjI6QafoHHnoCjXQPWqiFqLoCT2jV/TmTJwX5935WLSWnGLmGP2B8/kDPi6RFA==</latexit><latexit sha1_base64="KyOTd+TgHWsXIGSePl8xFa+/q7g=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0JMUvXisYD+gDWWz2bRLN7txd1Ioob/DiwdFvPpjvPlv3LQ5aOuDgcd7M8zMCxLBDbjut1NaW9/Y3CpvV3Z29/YPqodHbaNSTVmLKqF0NyCGCS5ZCzgI1k00I3EgWCcY3+V+Z8K04Uo+wjRhfkyGkkecErCS3w9DBRmZ4RvsVgbVmlt358CrxCtIDRVoDqpf/VDRNGYSqCDG9Dw3AT8jGjgVbFbpp4YlhI7JkPUslSRmxs/mR8/wmVVCHCltSwKeq78nMhIbM40D2xkTGJllLxf/83opRNd+xmWSApN0sShKBQaF8wRwyDWjIKaWEKq5vRXTEdGEgs0pD8FbfnmVtC/qnlv3Hi5rjdsijjI6QafoHHnoCjXQPWqiFqLoCT2jV/TmTJwX5935WLSWnGLmGP2B8/kDPi6RFA==</latexit><latexit sha1_base64="KyOTd+TgHWsXIGSePl8xFa+/q7g=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0JMUvXisYD+gDWWz2bRLN7txd1Ioob/DiwdFvPpjvPlv3LQ5aOuDgcd7M8zMCxLBDbjut1NaW9/Y3CpvV3Z29/YPqodHbaNSTVmLKqF0NyCGCS5ZCzgI1k00I3EgWCcY3+V+Z8K04Uo+wjRhfkyGkkecErCS3w9DBRmZ4RvsVgbVmlt358CrxCtIDRVoDqpf/VDRNGYSqCDG9Dw3AT8jGjgVbFbpp4YlhI7JkPUslSRmxs/mR8/wmVVCHCltSwKeq78nMhIbM40D2xkTGJllLxf/83opRNd+xmWSApN0sShKBQaF8wRwyDWjIKaWEKq5vRXTEdGEgs0pD8FbfnmVtC/qnlv3Hi5rjdsijjI6QafoHHnoCjXQPWqiFqLoCT2jV/TmTJwX5935WLSWnGLmGP2B8/kDPi6RFA==</latexit><latexit sha1_base64="KyOTd+TgHWsXIGSePl8xFa+/q7g=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0JMUvXisYD+gDWWz2bRLN7txd1Ioob/DiwdFvPpjvPlv3LQ5aOuDgcd7M8zMCxLBDbjut1NaW9/Y3CpvV3Z29/YPqodHbaNSTVmLKqF0NyCGCS5ZCzgI1k00I3EgWCcY3+V+Z8K04Uo+wjRhfkyGkkecErCS3w9DBRmZ4RvsVgbVmlt358CrxCtIDRVoDqpf/VDRNGYSqCDG9Dw3AT8jGjgVbFbpp4YlhI7JkPUslSRmxs/mR8/wmVVCHCltSwKeq78nMhIbM40D2xkTGJllLxf/83opRNd+xmWSApN0sShKBQaF8wRwyDWjIKaWEKq5vRXTEdGEgs0pD8FbfnmVtC/qnlv3Hi5rjdsijjI6QafoHHnoCjXQPWqiFqLoCT2jV/TmTJwX5935WLSWnGLmGP2B8/kDPi6RFA==</latexit>

Equação de Friedmann

w = �1
<latexit sha1_base64="B5vVNv0rAEaqbGuKktXjVU7zWkc=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4sWxE0ItQ9OKxgv2AdinZNNvGZpMlySpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwY33/21taXlldWy9sFDe3tnd2S3v7DaNSTVmdKqF0KySGCS5Z3XIrWCvRjMShYM1weDPxm49MG67kvR0lLIhJX/KIU2Kd1HhCV+gUd0tlv+JPgRYJzkkZctS6pa9OT9E0ZtJSQYxpYz+xQUa05VSwcbGTGpYQOiR91nZUkpiZIJteO0bHTumhSGlX0qKp+nsiI7Exozh0nTGxAzPvTcT/vHZqo8sg4zJJLZN0tihKBbIKTV5HPa4ZtWLkCKGau1sRHRBNqHUBFV0IeP7lRdI4q2C/gu/Oy9XrPI4CHMIRnACGC6jCLdSgDhQe4Ble4c1T3ov37n3MWpe8fOYA/sD7/AHtPo4I</latexit><latexit sha1_base64="B5vVNv0rAEaqbGuKktXjVU7zWkc=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4sWxE0ItQ9OKxgv2AdinZNNvGZpMlySpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwY33/21taXlldWy9sFDe3tnd2S3v7DaNSTVmdKqF0KySGCS5Z3XIrWCvRjMShYM1weDPxm49MG67kvR0lLIhJX/KIU2Kd1HhCV+gUd0tlv+JPgRYJzkkZctS6pa9OT9E0ZtJSQYxpYz+xQUa05VSwcbGTGpYQOiR91nZUkpiZIJteO0bHTumhSGlX0qKp+nsiI7Exozh0nTGxAzPvTcT/vHZqo8sg4zJJLZN0tihKBbIKTV5HPa4ZtWLkCKGau1sRHRBNqHUBFV0IeP7lRdI4q2C/gu/Oy9XrPI4CHMIRnACGC6jCLdSgDhQe4Ble4c1T3ov37n3MWpe8fOYA/sD7/AHtPo4I</latexit><latexit sha1_base64="B5vVNv0rAEaqbGuKktXjVU7zWkc=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4sWxE0ItQ9OKxgv2AdinZNNvGZpMlySpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwY33/21taXlldWy9sFDe3tnd2S3v7DaNSTVmdKqF0KySGCS5Z3XIrWCvRjMShYM1weDPxm49MG67kvR0lLIhJX/KIU2Kd1HhCV+gUd0tlv+JPgRYJzkkZctS6pa9OT9E0ZtJSQYxpYz+xQUa05VSwcbGTGpYQOiR91nZUkpiZIJteO0bHTumhSGlX0qKp+nsiI7Exozh0nTGxAzPvTcT/vHZqo8sg4zJJLZN0tihKBbIKTV5HPa4ZtWLkCKGau1sRHRBNqHUBFV0IeP7lRdI4q2C/gu/Oy9XrPI4CHMIRnACGC6jCLdSgDhQe4Ble4c1T3ov37n3MWpe8fOYA/sD7/AHtPo4I</latexit><latexit sha1_base64="B5vVNv0rAEaqbGuKktXjVU7zWkc=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4sWxE0ItQ9OKxgv2AdinZNNvGZpMlySpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwY33/21taXlldWy9sFDe3tnd2S3v7DaNSTVmdKqF0KySGCS5Z3XIrWCvRjMShYM1weDPxm49MG67kvR0lLIhJX/KIU2Kd1HhCV+gUd0tlv+JPgRYJzkkZctS6pa9OT9E0ZtJSQYxpYz+xQUa05VSwcbGTGpYQOiR91nZUkpiZIJteO0bHTumhSGlX0qKp+nsiI7Exozh0nTGxAzPvTcT/vHZqo8sg4zJJLZN0tihKBbIKTV5HPa4ZtWLkCKGau1sRHRBNqHUBFV0IeP7lRdI4q2C/gu/Oy9XrPI4CHMIRnACGC6jCLdSgDhQe4Ble4c1T3ov37n3MWpe8fOYA/sD7/AHtPo4I</latexit>

ä

a
=

⇤i

3
> 0

<latexit sha1_base64="AVHare2GEkdshAopbpyfT4I2fPc=">AAACHHicbVDNS8MwHE3n16xfVY9egkPwNFoV9KIMvXjwMMF9wFpKmqZbWNqUJBVG6R/ixX/FiwdFvHgQ/G/Mtgq6+SDweO/9kvxekDIqlW1/GZWFxaXlleqquba+sbllbe+0Jc8EJi3MGRfdAEnCaEJaiipGuqkgKA4Y6QTDq7HfuSdCUp7cqVFKvBj1ExpRjJSWfOs4d8OQqxwV0OU6CDU5h2bu3ug7QuTnrogh/TGPC3gBbd+q2XV7AjhPnJLUQImmb324IcdZTBKFGZKy59ip8nIkFMWMFKabSZIiPER90tM0QTGRXj5ZroAHWglhxIU+iYIT9fdEjmIpR3GgkzFSAznrjcX/vF6mojMvp0maKZLg6UNRxqDicNwUDKkgWLGRJggLqv8K8QAJhJXu09QlOLMrz5P2Ud2x687tSa1xWdZRBXtgHxwCB5yCBrgGTdACGDyAJ/ACXo1H49l4M96n0YpRzuyCPzA+vwFDiqAq</latexit><latexit sha1_base64="AVHare2GEkdshAopbpyfT4I2fPc=">AAACHHicbVDNS8MwHE3n16xfVY9egkPwNFoV9KIMvXjwMMF9wFpKmqZbWNqUJBVG6R/ixX/FiwdFvHgQ/G/Mtgq6+SDweO/9kvxekDIqlW1/GZWFxaXlleqquba+sbllbe+0Jc8EJi3MGRfdAEnCaEJaiipGuqkgKA4Y6QTDq7HfuSdCUp7cqVFKvBj1ExpRjJSWfOs4d8OQqxwV0OU6CDU5h2bu3ug7QuTnrogh/TGPC3gBbd+q2XV7AjhPnJLUQImmb324IcdZTBKFGZKy59ip8nIkFMWMFKabSZIiPER90tM0QTGRXj5ZroAHWglhxIU+iYIT9fdEjmIpR3GgkzFSAznrjcX/vF6mojMvp0maKZLg6UNRxqDicNwUDKkgWLGRJggLqv8K8QAJhJXu09QlOLMrz5P2Ud2x687tSa1xWdZRBXtgHxwCB5yCBrgGTdACGDyAJ/ACXo1H49l4M96n0YpRzuyCPzA+vwFDiqAq</latexit><latexit sha1_base64="AVHare2GEkdshAopbpyfT4I2fPc=">AAACHHicbVDNS8MwHE3n16xfVY9egkPwNFoV9KIMvXjwMMF9wFpKmqZbWNqUJBVG6R/ixX/FiwdFvHgQ/G/Mtgq6+SDweO/9kvxekDIqlW1/GZWFxaXlleqquba+sbllbe+0Jc8EJi3MGRfdAEnCaEJaiipGuqkgKA4Y6QTDq7HfuSdCUp7cqVFKvBj1ExpRjJSWfOs4d8OQqxwV0OU6CDU5h2bu3ug7QuTnrogh/TGPC3gBbd+q2XV7AjhPnJLUQImmb324IcdZTBKFGZKy59ip8nIkFMWMFKabSZIiPER90tM0QTGRXj5ZroAHWglhxIU+iYIT9fdEjmIpR3GgkzFSAznrjcX/vF6mojMvp0maKZLg6UNRxqDicNwUDKkgWLGRJggLqv8K8QAJhJXu09QlOLMrz5P2Ud2x687tSa1xWdZRBXtgHxwCB5yCBrgGTdACGDyAJ/ACXo1H49l4M96n0YpRzuyCPzA+vwFDiqAq</latexit><latexit sha1_base64="AVHare2GEkdshAopbpyfT4I2fPc=">AAACHHicbVDNS8MwHE3n16xfVY9egkPwNFoV9KIMvXjwMMF9wFpKmqZbWNqUJBVG6R/ixX/FiwdFvHgQ/G/Mtgq6+SDweO/9kvxekDIqlW1/GZWFxaXlleqquba+sbllbe+0Jc8EJi3MGRfdAEnCaEJaiipGuqkgKA4Y6QTDq7HfuSdCUp7cqVFKvBj1ExpRjJSWfOs4d8OQqxwV0OU6CDU5h2bu3ug7QuTnrogh/TGPC3gBbd+q2XV7AjhPnJLUQImmb324IcdZTBKFGZKy59ip8nIkFMWMFKabSZIiPER90tM0QTGRXj5ZroAHWglhxIU+iYIT9fdEjmIpR3GgkzFSAznrjcX/vF6mojMvp0maKZLg6UNRxqDicNwUDKkgWLGRJggLqv8K8QAJhJXu09QlOLMrz5P2Ud2x687tSa1xWdZRBXtgHxwCB5yCBrgGTdACGDyAJ/ACXo1H49l4M96n0YpRzuyCPzA+vwFDiqAq</latexit>

Equação de aceleração

O fator de escala cresce 
exponencialmente na fase 

inflacionária:
a(t) / exp(Hit)

<latexit sha1_base64="M40H8799UwYK+10hwBdTxDgUJmw=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBHaTUlE0GXRTZcV7AOaECbTaTt0kgwzN2IJ3bnxV9y4UMStv+DOv3HaZqGtBwYO59zLnXNCKbgGx/m2VlbX1jc2C1vF7Z3dvX374LClk1RR1qSJSFQnJJoJHrMmcBCsIxUjUShYOxzdTP32PVOaJ/EdjCXzIzKIeZ9TAkYK7BNShgr2pEokJNhjD7JcDzJPRZhPMFQCu+RUnRnwMnFzUkI5GoH95fUSmkYsBiqI1l3XkeBnRAGngk2KXqqZJHREBqxraEwipv1slmOCz4zSw/1EmRcDnqm/NzISaT2OQjMZERjqRW8q/ud1U+hf+RmPZQospvND/VRgE3laCu5xxSiIsSGEKm7+iumQKELBVFc0JbiLkZdJ67zqOlX39qJUu87rKKBjdIrKyEWXqIbqqIGaiKJH9Ixe0Zv1ZL1Y79bHfHTFyneO0B9Ynz8doZgu</latexit><latexit sha1_base64="M40H8799UwYK+10hwBdTxDgUJmw=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBHaTUlE0GXRTZcV7AOaECbTaTt0kgwzN2IJ3bnxV9y4UMStv+DOv3HaZqGtBwYO59zLnXNCKbgGx/m2VlbX1jc2C1vF7Z3dvX374LClk1RR1qSJSFQnJJoJHrMmcBCsIxUjUShYOxzdTP32PVOaJ/EdjCXzIzKIeZ9TAkYK7BNShgr2pEokJNhjD7JcDzJPRZhPMFQCu+RUnRnwMnFzUkI5GoH95fUSmkYsBiqI1l3XkeBnRAGngk2KXqqZJHREBqxraEwipv1slmOCz4zSw/1EmRcDnqm/NzISaT2OQjMZERjqRW8q/ud1U+hf+RmPZQospvND/VRgE3laCu5xxSiIsSGEKm7+iumQKELBVFc0JbiLkZdJ67zqOlX39qJUu87rKKBjdIrKyEWXqIbqqIGaiKJH9Ixe0Zv1ZL1Y79bHfHTFyneO0B9Ynz8doZgu</latexit><latexit sha1_base64="M40H8799UwYK+10hwBdTxDgUJmw=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBHaTUlE0GXRTZcV7AOaECbTaTt0kgwzN2IJ3bnxV9y4UMStv+DOv3HaZqGtBwYO59zLnXNCKbgGx/m2VlbX1jc2C1vF7Z3dvX374LClk1RR1qSJSFQnJJoJHrMmcBCsIxUjUShYOxzdTP32PVOaJ/EdjCXzIzKIeZ9TAkYK7BNShgr2pEokJNhjD7JcDzJPRZhPMFQCu+RUnRnwMnFzUkI5GoH95fUSmkYsBiqI1l3XkeBnRAGngk2KXqqZJHREBqxraEwipv1slmOCz4zSw/1EmRcDnqm/NzISaT2OQjMZERjqRW8q/ud1U+hf+RmPZQospvND/VRgE3laCu5xxSiIsSGEKm7+iumQKELBVFc0JbiLkZdJ67zqOlX39qJUu87rKKBjdIrKyEWXqIbqqIGaiKJH9Ixe0Zv1ZL1Y79bHfHTFyneO0B9Ynz8doZgu</latexit><latexit sha1_base64="M40H8799UwYK+10hwBdTxDgUJmw=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBHaTUlE0GXRTZcV7AOaECbTaTt0kgwzN2IJ3bnxV9y4UMStv+DOv3HaZqGtBwYO59zLnXNCKbgGx/m2VlbX1jc2C1vF7Z3dvX374LClk1RR1qSJSFQnJJoJHrMmcBCsIxUjUShYOxzdTP32PVOaJ/EdjCXzIzKIeZ9TAkYK7BNShgr2pEokJNhjD7JcDzJPRZhPMFQCu+RUnRnwMnFzUkI5GoH95fUSmkYsBiqI1l3XkeBnRAGngk2KXqqZJHREBqxraEwipv1slmOCz4zSw/1EmRcDnqm/NzISaT2OQjMZERjqRW8q/ud1U+hf+RmPZQospvND/VRgE3laCu5xxSiIsSGEKm7+iumQKELBVFc0JbiLkZdJ67zqOlX39qJUu87rKKBjdIrKyEWXqIbqqIGaiKJH9Ixe0Zv1ZL1Y79bHfHTFyneO0B9Ynz8doZgu</latexit>

✓
ȧ

a

◆2

=
⇤i

3
) Hi =

✓
⇤i

3

◆ 1
2

<latexit sha1_base64="sCIyjHlpJfDd2Ae4W3hMmyatBkk="></latexit><latexit sha1_base64="sCIyjHlpJfDd2Ae4W3hMmyatBkk="></latexit><latexit sha1_base64="sCIyjHlpJfDd2Ae4W3hMmyatBkk="></latexit><latexit sha1_base64="sCIyjHlpJfDd2Ae4W3hMmyatBkk="></latexit>
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10.4 A Solução via Inflação

Suponhamos que o Universo teve um período de expansão exponencial em 
algum momento em meio à época primordial de dominância da radiação, 
com uma transição imediata entre esses períodos, isto é:

a(tf )

a(ti)
= eN (ti < t < tf )

<latexit sha1_base64="7CdvQTrQ0ptYTF94+gxtLh/qIFI=">AAACF3icbVDLSgMxFM3UVx1fVZdugkVoN2VGBF1UKLpxJRXsA9qxZNJMG5p5kNwRylC/wo2/4saFIm5159+YaWehrQcCJ+ecS3KPGwmuwLK+jdzS8srqWn7d3Njc2t4p7O41VRhLyho0FKFsu0QxwQPWAA6CtSPJiO8K1nJHl6nfumdS8TC4hXHEHJ8MAu5xSkBLvUIlISXoeWXcDXUMpxdenuBzzO6uzQeNVKhCdZoxzV6haFWsKfAisTNSRBnqvcJXtx/S2GcBUEGU6thWBE5CJHAq2MTsxopFhI7IgHU0DYjPlJNM95rgI630sRdKfQLAU/X3REJ8pca+q5M+gaGa91LxP68Tg3fmJDyIYmABnT3kxQJDiNOScJ9LRkGMNSFUcv1XTIdEEgq6yrQEe37lRdI8rthWxb45KdYusjry6AAdohKy0SmqoStURw1E0SN6Rq/ozXgyXox342MWzRnZzD76A+PzB7LynRY=</latexit><latexit sha1_base64="7CdvQTrQ0ptYTF94+gxtLh/qIFI=">AAACF3icbVDLSgMxFM3UVx1fVZdugkVoN2VGBF1UKLpxJRXsA9qxZNJMG5p5kNwRylC/wo2/4saFIm5159+YaWehrQcCJ+ecS3KPGwmuwLK+jdzS8srqWn7d3Njc2t4p7O41VRhLyho0FKFsu0QxwQPWAA6CtSPJiO8K1nJHl6nfumdS8TC4hXHEHJ8MAu5xSkBLvUIlISXoeWXcDXUMpxdenuBzzO6uzQeNVKhCdZoxzV6haFWsKfAisTNSRBnqvcJXtx/S2GcBUEGU6thWBE5CJHAq2MTsxopFhI7IgHU0DYjPlJNM95rgI630sRdKfQLAU/X3REJ8pca+q5M+gaGa91LxP68Tg3fmJDyIYmABnT3kxQJDiNOScJ9LRkGMNSFUcv1XTIdEEgq6yrQEe37lRdI8rthWxb45KdYusjry6AAdohKy0SmqoStURw1E0SN6Rq/ozXgyXox342MWzRnZzD76A+PzB7LynRY=</latexit><latexit sha1_base64="7CdvQTrQ0ptYTF94+gxtLh/qIFI=">AAACF3icbVDLSgMxFM3UVx1fVZdugkVoN2VGBF1UKLpxJRXsA9qxZNJMG5p5kNwRylC/wo2/4saFIm5159+YaWehrQcCJ+ecS3KPGwmuwLK+jdzS8srqWn7d3Njc2t4p7O41VRhLyho0FKFsu0QxwQPWAA6CtSPJiO8K1nJHl6nfumdS8TC4hXHEHJ8MAu5xSkBLvUIlISXoeWXcDXUMpxdenuBzzO6uzQeNVKhCdZoxzV6haFWsKfAisTNSRBnqvcJXtx/S2GcBUEGU6thWBE5CJHAq2MTsxopFhI7IgHU0DYjPlJNM95rgI630sRdKfQLAU/X3REJ8pca+q5M+gaGa91LxP68Tg3fmJDyIYmABnT3kxQJDiNOScJ9LRkGMNSFUcv1XTIdEEgq6yrQEe37lRdI8rthWxb45KdYusjry6AAdohKy0SmqoStURw1E0SN6Rq/ozXgyXox342MWzRnZzD76A+PzB7LynRY=</latexit><latexit sha1_base64="7CdvQTrQ0ptYTF94+gxtLh/qIFI=">AAACF3icbVDLSgMxFM3UVx1fVZdugkVoN2VGBF1UKLpxJRXsA9qxZNJMG5p5kNwRylC/wo2/4saFIm5159+YaWehrQcCJ+ecS3KPGwmuwLK+jdzS8srqWn7d3Njc2t4p7O41VRhLyho0FKFsu0QxwQPWAA6CtSPJiO8K1nJHl6nfumdS8TC4hXHEHJ8MAu5xSkBLvUIlISXoeWXcDXUMpxdenuBzzO6uzQeNVKhCdZoxzV6haFWsKfAisTNSRBnqvcJXtx/S2GcBUEGU6thWBE5CJHAq2MTsxopFhI7IgHU0DYjPlJNM95rgI630sRdKfQLAU/X3REJ8pca+q5M+gaGa91LxP68Tg3fmJDyIYmABnT3kxQJDiNOScJ9LRkGMNSFUcv1XTIdEEgq6yrQEe37lRdI8rthWxb45KdYusjry6AAdohKy0SmqoStURw1E0SN6Rq/ozXgyXox342MWzRnZzD76A+PzB7LynRY=</latexit>

N ⌘ Hi(tf � ti)
<latexit sha1_base64="26zGVHDkYrBmf81Gs3e+bP40Ods=">AAACCnicbVDLSsNAFJ3UV42vqEs3o0WoC0sigi6LbrqSCvYBTQiT6aQdOnk4c1MooWs3/oobF4q49Qvc+TcmbRZaPXDhcM693HuPFwuuwDS/tNLS8srqWnld39jc2t4xdvfaKkokZS0aiUh2PaKY4CFrAQfBurFkJPAE63ij69zvjJlUPArvYBIzJyCDkPucEsgk1zi8wTa7T/gY44ab2jLAfIqr4Pr4FIPLT3TdNSpmzZwB/yVWQSqoQNM1Pu1+RJOAhUAFUapnmTE4KZHAqWBT3U4UiwkdkQHrZTQkAVNOOntlio8zpY/9SGYVAp6pPydSEig1CbysMyAwVIteLv7n9RLwL52Uh3ECLKTzRX4iMEQ4zwX3uWQUxCQjhEqe3YrpkEhCIUsvD8FafPkvaZ/VLLNm3Z5X6ldFHGV0gI5QFVnoAtVRAzVRC1H0gJ7QC3rVHrVn7U17n7eWtGJmH/2C9vENHi6X8w==</latexit><latexit sha1_base64="26zGVHDkYrBmf81Gs3e+bP40Ods=">AAACCnicbVDLSsNAFJ3UV42vqEs3o0WoC0sigi6LbrqSCvYBTQiT6aQdOnk4c1MooWs3/oobF4q49Qvc+TcmbRZaPXDhcM693HuPFwuuwDS/tNLS8srqWnld39jc2t4xdvfaKkokZS0aiUh2PaKY4CFrAQfBurFkJPAE63ij69zvjJlUPArvYBIzJyCDkPucEsgk1zi8wTa7T/gY44ab2jLAfIqr4Pr4FIPLT3TdNSpmzZwB/yVWQSqoQNM1Pu1+RJOAhUAFUapnmTE4KZHAqWBT3U4UiwkdkQHrZTQkAVNOOntlio8zpY/9SGYVAp6pPydSEig1CbysMyAwVIteLv7n9RLwL52Uh3ECLKTzRX4iMEQ4zwX3uWQUxCQjhEqe3YrpkEhCIUsvD8FafPkvaZ/VLLNm3Z5X6ldFHGV0gI5QFVnoAtVRAzVRC1H0gJ7QC3rVHrVn7U17n7eWtGJmH/2C9vENHi6X8w==</latexit><latexit sha1_base64="26zGVHDkYrBmf81Gs3e+bP40Ods=">AAACCnicbVDLSsNAFJ3UV42vqEs3o0WoC0sigi6LbrqSCvYBTQiT6aQdOnk4c1MooWs3/oobF4q49Qvc+TcmbRZaPXDhcM693HuPFwuuwDS/tNLS8srqWnld39jc2t4xdvfaKkokZS0aiUh2PaKY4CFrAQfBurFkJPAE63ij69zvjJlUPArvYBIzJyCDkPucEsgk1zi8wTa7T/gY44ab2jLAfIqr4Pr4FIPLT3TdNSpmzZwB/yVWQSqoQNM1Pu1+RJOAhUAFUapnmTE4KZHAqWBT3U4UiwkdkQHrZTQkAVNOOntlio8zpY/9SGYVAp6pPydSEig1CbysMyAwVIteLv7n9RLwL52Uh3ECLKTzRX4iMEQ4zwX3uWQUxCQjhEqe3YrpkEhCIUsvD8FafPkvaZ/VLLNm3Z5X6ldFHGV0gI5QFVnoAtVRAzVRC1H0gJ7QC3rVHrVn7U17n7eWtGJmH/2C9vENHi6X8w==</latexit><latexit sha1_base64="26zGVHDkYrBmf81Gs3e+bP40Ods=">AAACCnicbVDLSsNAFJ3UV42vqEs3o0WoC0sigi6LbrqSCvYBTQiT6aQdOnk4c1MooWs3/oobF4q49Qvc+TcmbRZaPXDhcM693HuPFwuuwDS/tNLS8srqWnld39jc2t4xdvfaKkokZS0aiUh2PaKY4CFrAQfBurFkJPAE63ij69zvjJlUPArvYBIzJyCDkPucEsgk1zi8wTa7T/gY44ab2jLAfIqr4Pr4FIPLT3TdNSpmzZwB/yVWQSqoQNM1Pu1+RJOAhUAFUapnmTE4KZHAqWBT3U4UiwkdkQHrZTQkAVNOOntlio8zpY/9SGYVAp6pPydSEig1CbysMyAwVIteLv7n9RLwL52Uh3ECLKTzRX4iMEQ4zwX3uWQUxCQjhEqe3YrpkEhCIUsvD8FafPkvaZ/VLLNm3Z5X6ldFHGV0gI5QFVnoAtVRAzVRC1H0gJ7QC3rVHrVn7U17n7eWtGJmH/2C9vENHi6X8w==</latexit>

taxa de crescimento 
do fator de escala 
durante a inflação

número de “e-foldings”

a(t) =

8
<

:

ai(t/ti)1/2 (t < ti)
aieHi(t�ti) (ti < t < tf )
aieHi(t�ti)(t/ti)1/2 (t > tf )

<latexit sha1_base64="T09eySD6iI/g2FxvkPUOLXn1Ow0="></latexit><latexit sha1_base64="T09eySD6iI/g2FxvkPUOLXn1Ow0="></latexit><latexit sha1_base64="T09eySD6iI/g2FxvkPUOLXn1Ow0="></latexit><latexit sha1_base64="T09eySD6iI/g2FxvkPUOLXn1Ow0="></latexit>
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10.4 A Solução via Inflação

Tomemos um possível modelo de inflação:

ti ⇡ tGUT ⇡ 10�36 s
<latexit sha1_base64="f56Ya6MYYw3uOL3z9iA/SPlUSPI=">AAACHHicbVDLSsNAFJ34rPEVdelmsAhuLIkVdVl0ocsKfUFTw2Q6aYdOHszciCXE/3Djr7hxoYgbF4J/Y9JW0NYDFw7n3Mu997iR4ApM80ubm19YXFourOira+sbm8bWdkOFsaSsTkMRypZLFBM8YHXgIFgrkoz4rmBNd3CR+81bJhUPgxoMI9bxSS/gHqcEMskxyuBwbJMokuEdBiexpY8v67X0R9Mt8yY5LJ+k+H7kqVTXHaNolswR8CyxJqSIJqg6xofdDWnsswCoIEq1LTOCTkIkcCpYqtuxYhGhA9Jj7YwGxGeqk4yeS/F+pnSxF8qsAsAj9fdEQnylhr6bdfoE+mray8X/vHYM3lkn4UEUAwvoeJEXCwwhzpPCXS4ZBTHMCKGSZ7di2ieSUMjyzEOwpl+eJY2jkmWWrOvjYuV8EkcB7aI9dIAsdIoq6ApVUR1R9ICe0At61R61Z+1Nex+3zmmTmR30B9rnNx/joBY=</latexit><latexit sha1_base64="f56Ya6MYYw3uOL3z9iA/SPlUSPI=">AAACHHicbVDLSsNAFJ34rPEVdelmsAhuLIkVdVl0ocsKfUFTw2Q6aYdOHszciCXE/3Djr7hxoYgbF4J/Y9JW0NYDFw7n3Mu997iR4ApM80ubm19YXFourOira+sbm8bWdkOFsaSsTkMRypZLFBM8YHXgIFgrkoz4rmBNd3CR+81bJhUPgxoMI9bxSS/gHqcEMskxyuBwbJMokuEdBiexpY8v67X0R9Mt8yY5LJ+k+H7kqVTXHaNolswR8CyxJqSIJqg6xofdDWnsswCoIEq1LTOCTkIkcCpYqtuxYhGhA9Jj7YwGxGeqk4yeS/F+pnSxF8qsAsAj9fdEQnylhr6bdfoE+mray8X/vHYM3lkn4UEUAwvoeJEXCwwhzpPCXS4ZBTHMCKGSZ7di2ieSUMjyzEOwpl+eJY2jkmWWrOvjYuV8EkcB7aI9dIAsdIoq6ApVUR1R9ICe0At61R61Z+1Nex+3zmmTmR30B9rnNx/joBY=</latexit><latexit sha1_base64="f56Ya6MYYw3uOL3z9iA/SPlUSPI=">AAACHHicbVDLSsNAFJ34rPEVdelmsAhuLIkVdVl0ocsKfUFTw2Q6aYdOHszciCXE/3Djr7hxoYgbF4J/Y9JW0NYDFw7n3Mu997iR4ApM80ubm19YXFourOira+sbm8bWdkOFsaSsTkMRypZLFBM8YHXgIFgrkoz4rmBNd3CR+81bJhUPgxoMI9bxSS/gHqcEMskxyuBwbJMokuEdBiexpY8v67X0R9Mt8yY5LJ+k+H7kqVTXHaNolswR8CyxJqSIJqg6xofdDWnsswCoIEq1LTOCTkIkcCpYqtuxYhGhA9Jj7YwGxGeqk4yeS/F+pnSxF8qsAsAj9fdEQnylhr6bdfoE+mray8X/vHYM3lkn4UEUAwvoeJEXCwwhzpPCXS4ZBTHMCKGSZ7di2ieSUMjyzEOwpl+eJY2jkmWWrOvjYuV8EkcB7aI9dIAsdIoq6ApVUR1R9ICe0At61R61Z+1Nex+3zmmTmR30B9rnNx/joBY=</latexit><latexit sha1_base64="f56Ya6MYYw3uOL3z9iA/SPlUSPI=">AAACHHicbVDLSsNAFJ34rPEVdelmsAhuLIkVdVl0ocsKfUFTw2Q6aYdOHszciCXE/3Djr7hxoYgbF4J/Y9JW0NYDFw7n3Mu997iR4ApM80ubm19YXFourOira+sbm8bWdkOFsaSsTkMRypZLFBM8YHXgIFgrkoz4rmBNd3CR+81bJhUPgxoMI9bxSS/gHqcEMskxyuBwbJMokuEdBiexpY8v67X0R9Mt8yY5LJ+k+H7kqVTXHaNolswR8CyxJqSIJqg6xofdDWnsswCoIEq1LTOCTkIkcCpYqtuxYhGhA9Jj7YwGxGeqk4yeS/F+pnSxF8qsAsAj9fdEQnylhr6bdfoE+mray8X/vHYM3lkn4UEUAwvoeJEXCwwhzpPCXS4ZBTHMCKGSZ7di2ieSUMjyzEOwpl+eJY2jkmWWrOvjYuV8EkcB7aI9dIAsdIoq6ApVUR1R9ICe0At61R61Z+1Nex+3zmmTmR30B9rnNx/joBY=</latexit>

tf ⇡ (N + 1)tGUT
<latexit sha1_base64="UOqORqZJQ0JmzgnhDQ/zNTOab6E=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFiEilASEfRY9KAnqdC0hSaEzXbTLt18sDsRS+jRi3/FiwdFvPoTvPlvTNoctPpg4PHeDDPzvFhwBYbxpZUWFpeWV8qrlbX1jc0tfXunraJEUmbRSESy6xHFBA+ZBRwE68aSkcATrOONLnO/c8ek4lHYgnHMnIAMQu5zSiCTXH0fXB/bJI5ldI9rN8fmEQY3tWWAr6zWBFdcvWrUjSnwX2IWpIoKNF390+5HNAlYCFQQpXqmEYOTEgmcCjap2IliMaEjMmC9jIYkYMpJp49M8GGm9LEfyaxCwFP150RKAqXGgZd1BgSGat7Lxf+8XgL+uZPyME6AhXS2yE8EhgjnqeA+l4yCGGeEUMmzWzEdEkkoZNnlIZjzL/8l7ZO6adTN29Nq46KIo4z20AGqIROdoQa6Rk1kIYoe0BN6Qa/ao/asvWnvs9aSVszsol/QPr4Bc22Xqw==</latexit><latexit sha1_base64="UOqORqZJQ0JmzgnhDQ/zNTOab6E=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFiEilASEfRY9KAnqdC0hSaEzXbTLt18sDsRS+jRi3/FiwdFvPoTvPlvTNoctPpg4PHeDDPzvFhwBYbxpZUWFpeWV8qrlbX1jc0tfXunraJEUmbRSESy6xHFBA+ZBRwE68aSkcATrOONLnO/c8ek4lHYgnHMnIAMQu5zSiCTXH0fXB/bJI5ldI9rN8fmEQY3tWWAr6zWBFdcvWrUjSnwX2IWpIoKNF390+5HNAlYCFQQpXqmEYOTEgmcCjap2IliMaEjMmC9jIYkYMpJp49M8GGm9LEfyaxCwFP150RKAqXGgZd1BgSGat7Lxf+8XgL+uZPyME6AhXS2yE8EhgjnqeA+l4yCGGeEUMmzWzEdEkkoZNnlIZjzL/8l7ZO6adTN29Nq46KIo4z20AGqIROdoQa6Rk1kIYoe0BN6Qa/ao/asvWnvs9aSVszsol/QPr4Bc22Xqw==</latexit><latexit sha1_base64="UOqORqZJQ0JmzgnhDQ/zNTOab6E=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFiEilASEfRY9KAnqdC0hSaEzXbTLt18sDsRS+jRi3/FiwdFvPoTvPlvTNoctPpg4PHeDDPzvFhwBYbxpZUWFpeWV8qrlbX1jc0tfXunraJEUmbRSESy6xHFBA+ZBRwE68aSkcATrOONLnO/c8ek4lHYgnHMnIAMQu5zSiCTXH0fXB/bJI5ldI9rN8fmEQY3tWWAr6zWBFdcvWrUjSnwX2IWpIoKNF390+5HNAlYCFQQpXqmEYOTEgmcCjap2IliMaEjMmC9jIYkYMpJp49M8GGm9LEfyaxCwFP150RKAqXGgZd1BgSGat7Lxf+8XgL+uZPyME6AhXS2yE8EhgjnqeA+l4yCGGeEUMmzWzEdEkkoZNnlIZjzL/8l7ZO6adTN29Nq46KIo4z20AGqIROdoQa6Rk1kIYoe0BN6Qa/ao/asvWnvs9aSVszsol/QPr4Bc22Xqw==</latexit><latexit sha1_base64="UOqORqZJQ0JmzgnhDQ/zNTOab6E=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFiEilASEfRY9KAnqdC0hSaEzXbTLt18sDsRS+jRi3/FiwdFvPoTvPlvTNoctPpg4PHeDDPzvFhwBYbxpZUWFpeWV8qrlbX1jc0tfXunraJEUmbRSESy6xHFBA+ZBRwE68aSkcATrOONLnO/c8ek4lHYgnHMnIAMQu5zSiCTXH0fXB/bJI5ldI9rN8fmEQY3tWWAr6zWBFdcvWrUjSnwX2IWpIoKNF390+5HNAlYCFQQpXqmEYOTEgmcCjap2IliMaEjMmC9jIYkYMpJp49M8GGm9LEfyaxCwFP150RKAqXGgZd1BgSGat7Lxf+8XgL+uZPyME6AhXS2yE8EhgjnqeA+l4yCGGeEUMmzWzEdEkkoZNnlIZjzL/8l7ZO6adTN29Nq46KIo4z20AGqIROdoQa6Rk1kIYoe0BN6Qa/ao/asvWnvs9aSVszsol/QPr4Bc22Xqw==</latexit>

Hi ⇡ t�1
GUT ⇡ 1036 s�1

<latexit sha1_base64="DYNXpDDSrjRXJrTUQCgbMCT702Q=">AAACKnicbZDLSsNAFIYnXmu9RV26GSyCG0uioi6rLuyyQtMW2jRMptN26OTCzEQsIb6OG1/FTRdKceuDOEkjaOuBgZ//O4cz53dDRoU0jKm2tLyyurZe2Chubm3v7Op7+w0RRBwTCwcs4C0XCcKoTyxJJSOtkBPkuYw03dFdypuPhAsa+HU5DontoYFP+xQjqSxHv6k6cYd7kCawg8KQB09Qzpx7q55041MzKf4A0+jG55cJfM64yKmjl4yykRVcFGYuSiCvmqNPOr0ARx7xJWZIiLZphNKOEZcUM6LWRYKECI/QgLSV9JFHhB1npybwWDk92A+4er6Emft7IkaeEGPPVZ0ekkMxz1LzP9aOZP/ajqkfRpL4eLaoHzEoA5jmBnuUEyzZWAmEOVV/hXiIOMJSpZuGYM6fvCgaZ2XTKJsPF6XKbR5HARyCI3ACTHAFKqAKasACGLyAN/AOPrRXbaJNtc9Z65KWzxyAP6V9fQNnbqX6</latexit><latexit sha1_base64="DYNXpDDSrjRXJrTUQCgbMCT702Q=">AAACKnicbZDLSsNAFIYnXmu9RV26GSyCG0uioi6rLuyyQtMW2jRMptN26OTCzEQsIb6OG1/FTRdKceuDOEkjaOuBgZ//O4cz53dDRoU0jKm2tLyyurZe2Chubm3v7Op7+w0RRBwTCwcs4C0XCcKoTyxJJSOtkBPkuYw03dFdypuPhAsa+HU5DontoYFP+xQjqSxHv6k6cYd7kCawg8KQB09Qzpx7q55041MzKf4A0+jG55cJfM64yKmjl4yykRVcFGYuSiCvmqNPOr0ARx7xJWZIiLZphNKOEZcUM6LWRYKECI/QgLSV9JFHhB1npybwWDk92A+4er6Emft7IkaeEGPPVZ0ekkMxz1LzP9aOZP/ajqkfRpL4eLaoHzEoA5jmBnuUEyzZWAmEOVV/hXiIOMJSpZuGYM6fvCgaZ2XTKJsPF6XKbR5HARyCI3ACTHAFKqAKasACGLyAN/AOPrRXbaJNtc9Z65KWzxyAP6V9fQNnbqX6</latexit><latexit sha1_base64="DYNXpDDSrjRXJrTUQCgbMCT702Q=">AAACKnicbZDLSsNAFIYnXmu9RV26GSyCG0uioi6rLuyyQtMW2jRMptN26OTCzEQsIb6OG1/FTRdKceuDOEkjaOuBgZ//O4cz53dDRoU0jKm2tLyyurZe2Chubm3v7Op7+w0RRBwTCwcs4C0XCcKoTyxJJSOtkBPkuYw03dFdypuPhAsa+HU5DontoYFP+xQjqSxHv6k6cYd7kCawg8KQB09Qzpx7q55041MzKf4A0+jG55cJfM64yKmjl4yykRVcFGYuSiCvmqNPOr0ARx7xJWZIiLZphNKOEZcUM6LWRYKECI/QgLSV9JFHhB1npybwWDk92A+4er6Emft7IkaeEGPPVZ0ekkMxz1LzP9aOZP/ajqkfRpL4eLaoHzEoA5jmBnuUEyzZWAmEOVV/hXiIOMJSpZuGYM6fvCgaZ2XTKJsPF6XKbR5HARyCI3ACTHAFKqAKasACGLyAN/AOPrRXbaJNtc9Z65KWzxyAP6V9fQNnbqX6</latexit><latexit sha1_base64="DYNXpDDSrjRXJrTUQCgbMCT702Q=">AAACKnicbZDLSsNAFIYnXmu9RV26GSyCG0uioi6rLuyyQtMW2jRMptN26OTCzEQsIb6OG1/FTRdKceuDOEkjaOuBgZ//O4cz53dDRoU0jKm2tLyyurZe2Chubm3v7Op7+w0RRBwTCwcs4C0XCcKoTyxJJSOtkBPkuYw03dFdypuPhAsa+HU5DontoYFP+xQjqSxHv6k6cYd7kCawg8KQB09Qzpx7q55041MzKf4A0+jG55cJfM64yKmjl4yykRVcFGYuSiCvmqNPOr0ARx7xJWZIiLZphNKOEZcUM6LWRYKECI/QgLSV9JFHhB1npybwWDk92A+4er6Emft7IkaeEGPPVZ0ekkMxz1LzP9aOZP/ajqkfRpL4eLaoHzEoA5jmBnuUEyzZWAmEOVV/hXiIOMJSpZuGYM6fvCgaZ2XTKJsPF6XKbR5HARyCI3ACTHAFKqAKasACGLyAN/AOPrRXbaJNtc9Z65KWzxyAP6V9fQNnbqX6</latexit>

✏i =
c2

8⇡G
⇤i =

3c2

8⇡G
H2

i ⇠ 10105 TeV m�3

<latexit sha1_base64="EJZVaydyaigzPUAvL+0B3QfMeh8="></latexit><latexit sha1_base64="EJZVaydyaigzPUAvL+0B3QfMeh8="></latexit><latexit sha1_base64="EJZVaydyaigzPUAvL+0B3QfMeh8="></latexit><latexit sha1_base64="EJZVaydyaigzPUAvL+0B3QfMeh8="></latexit>

✏⇤,0 ⇠ 0.0034 TeV m�3
<latexit sha1_base64="YbxPCwqCCwW7nxYcDWi9yDEylPI=">AAACH3icbZDLSgMxFIYzXmu9VV26CRbBhZYZW9Rl0Y0LFxV6g04tmfS0DU1mhiQjlGF8Eje+ihsXioi7vo2ZtgttPRD4+P9zODm/F3KmtG2PraXlldW19cxGdnNre2c3t7dfV0EkKdRowAPZ9IgCznyoaaY5NEMJRHgcGt7wJvUbjyAVC/yqHoXQFqTvsx6jRBupk7twIVSMG4zdOzPWJad2gl3FRNYu2HaxhJ9w7EqBq1A3KJKH+KyYZDu5fGqnhRfBmUEezarSyX273YBGAnxNOVGq5dihbsdEakY5JFk3UhASOiR9aBn0iQDVjif3JfjYKF3cC6R5vsYT9fdETIRSI+GZTkH0QM17qfif14p076odMz+MNPh0uqgXcawDnIaFu0wC1XxkgFDJzF8xHRBJqDaRpiE48ycvQv284NgF576UL1/P4sigQ3SETpCDLlEZ3aIKqiGKntErekcf1ov1Zn1aX9PWJWs2c4D+lDX+AQnioGw=</latexit><latexit sha1_base64="YbxPCwqCCwW7nxYcDWi9yDEylPI=">AAACH3icbZDLSgMxFIYzXmu9VV26CRbBhZYZW9Rl0Y0LFxV6g04tmfS0DU1mhiQjlGF8Eje+ihsXioi7vo2ZtgttPRD4+P9zODm/F3KmtG2PraXlldW19cxGdnNre2c3t7dfV0EkKdRowAPZ9IgCznyoaaY5NEMJRHgcGt7wJvUbjyAVC/yqHoXQFqTvsx6jRBupk7twIVSMG4zdOzPWJad2gl3FRNYu2HaxhJ9w7EqBq1A3KJKH+KyYZDu5fGqnhRfBmUEezarSyX273YBGAnxNOVGq5dihbsdEakY5JFk3UhASOiR9aBn0iQDVjif3JfjYKF3cC6R5vsYT9fdETIRSI+GZTkH0QM17qfif14p076odMz+MNPh0uqgXcawDnIaFu0wC1XxkgFDJzF8xHRBJqDaRpiE48ycvQv284NgF576UL1/P4sigQ3SETpCDLlEZ3aIKqiGKntErekcf1ov1Zn1aX9PWJWs2c4D+lDX+AQnioGw=</latexit><latexit sha1_base64="YbxPCwqCCwW7nxYcDWi9yDEylPI=">AAACH3icbZDLSgMxFIYzXmu9VV26CRbBhZYZW9Rl0Y0LFxV6g04tmfS0DU1mhiQjlGF8Eje+ihsXioi7vo2ZtgttPRD4+P9zODm/F3KmtG2PraXlldW19cxGdnNre2c3t7dfV0EkKdRowAPZ9IgCznyoaaY5NEMJRHgcGt7wJvUbjyAVC/yqHoXQFqTvsx6jRBupk7twIVSMG4zdOzPWJad2gl3FRNYu2HaxhJ9w7EqBq1A3KJKH+KyYZDu5fGqnhRfBmUEezarSyX273YBGAnxNOVGq5dihbsdEakY5JFk3UhASOiR9aBn0iQDVjif3JfjYKF3cC6R5vsYT9fdETIRSI+GZTkH0QM17qfif14p076odMz+MNPh0uqgXcawDnIaFu0wC1XxkgFDJzF8xHRBJqDaRpiE48ycvQv284NgF576UL1/P4sigQ3SETpCDLlEZ3aIKqiGKntErekcf1ov1Zn1aX9PWJWs2c4D+lDX+AQnioGw=</latexit><latexit sha1_base64="YbxPCwqCCwW7nxYcDWi9yDEylPI=">AAACH3icbZDLSgMxFIYzXmu9VV26CRbBhZYZW9Rl0Y0LFxV6g04tmfS0DU1mhiQjlGF8Eje+ihsXioi7vo2ZtgttPRD4+P9zODm/F3KmtG2PraXlldW19cxGdnNre2c3t7dfV0EkKdRowAPZ9IgCznyoaaY5NEMJRHgcGt7wJvUbjyAVC/yqHoXQFqTvsx6jRBupk7twIVSMG4zdOzPWJad2gl3FRNYu2HaxhJ9w7EqBq1A3KJKH+KyYZDu5fGqnhRfBmUEezarSyX273YBGAnxNOVGq5dihbsdEakY5JFk3UhASOiR9aBn0iQDVjif3JfjYKF3cC6R5vsYT9fdETIRSI+GZTkH0QM17qfif14p076odMz+MNPh0uqgXcawDnIaFu0wC1XxkgFDJzF8xHRBJqDaRpiE48ycvQv284NgF576UL1/P4sigQ3SETpCDLlEZ3aIKqiGKntErekcf1ov1Zn1aX9PWJWs2c4D+lDX+AQnioGw=</latexit>

comparar com:
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10.4 A Solução via Inflação

Como a inflação resolve os problemas de 
planicidade, do horizonte e do monopolo?

1) Planicidade

1� ⌦(t) = � c2

R2
0a(t)

2H(t)2
<latexit sha1_base64="L5jJwidlQNSwW9VujRK/T93y+G8="></latexit><latexit sha1_base64="L5jJwidlQNSwW9VujRK/T93y+G8="></latexit><latexit sha1_base64="L5jJwidlQNSwW9VujRK/T93y+G8="></latexit><latexit sha1_base64="L5jJwidlQNSwW9VujRK/T93y+G8="></latexit>

Eq. de Fridmann (1)

|1� ⌦(t)| = c2

R2
0a(t)

2H(t)2
<latexit sha1_base64="TVKJhl/nDxxV1ZZ9K9WnH5qSSdc=">AAACHXicbVDLSsNAFJ34rPEVdelmsAh1YUlKQTdC0U13VrEPaGKYTKft0MmDmYlQ0v6IG3/FjQtFXLgR/8ZJmoW2Xhju4Zx7uHOPFzEqpGl+a0vLK6tr64UNfXNre2fX2NtviTDmmDRxyELe8ZAgjAakKalkpBNxgnyPkbY3ukr19gPhgobBnRxHxPHRIKB9ipFUlGtUJxY8hfa1TwaoJE8m8AJCPcH3FWiHygdvXVPhVFKtnrUpdI2iWTazgovAykER5NVwjU+7F+LYJ4HEDAnRtcxIOgnikmJGprodCxIhPEID0lUwQD4RTpJdN4XHiunBfsjVCyTM2N+OBPlCjH1PTfpIDsW8lpL/ad1Y9s+dhAZRLEmAZ4v6MYMyhGlUsEc5wZKNFUCYU/VXiIeIIyxVoLoKwZo/eRG0KmXLLFs31WLtMo+jAA7BESgBC5yBGqiDBmgCDB7BM3gFb9qT9qK9ax+z0SUt9xyAP6V9/QDMrJ1h</latexit><latexit sha1_base64="TVKJhl/nDxxV1ZZ9K9WnH5qSSdc=">AAACHXicbVDLSsNAFJ34rPEVdelmsAh1YUlKQTdC0U13VrEPaGKYTKft0MmDmYlQ0v6IG3/FjQtFXLgR/8ZJmoW2Xhju4Zx7uHOPFzEqpGl+a0vLK6tr64UNfXNre2fX2NtviTDmmDRxyELe8ZAgjAakKalkpBNxgnyPkbY3ukr19gPhgobBnRxHxPHRIKB9ipFUlGtUJxY8hfa1TwaoJE8m8AJCPcH3FWiHygdvXVPhVFKtnrUpdI2iWTazgovAykER5NVwjU+7F+LYJ4HEDAnRtcxIOgnikmJGprodCxIhPEID0lUwQD4RTpJdN4XHiunBfsjVCyTM2N+OBPlCjH1PTfpIDsW8lpL/ad1Y9s+dhAZRLEmAZ4v6MYMyhGlUsEc5wZKNFUCYU/VXiIeIIyxVoLoKwZo/eRG0KmXLLFs31WLtMo+jAA7BESgBC5yBGqiDBmgCDB7BM3gFb9qT9qK9ax+z0SUt9xyAP6V9/QDMrJ1h</latexit><latexit sha1_base64="TVKJhl/nDxxV1ZZ9K9WnH5qSSdc=">AAACHXicbVDLSsNAFJ34rPEVdelmsAh1YUlKQTdC0U13VrEPaGKYTKft0MmDmYlQ0v6IG3/FjQtFXLgR/8ZJmoW2Xhju4Zx7uHOPFzEqpGl+a0vLK6tr64UNfXNre2fX2NtviTDmmDRxyELe8ZAgjAakKalkpBNxgnyPkbY3ukr19gPhgobBnRxHxPHRIKB9ipFUlGtUJxY8hfa1TwaoJE8m8AJCPcH3FWiHygdvXVPhVFKtnrUpdI2iWTazgovAykER5NVwjU+7F+LYJ4HEDAnRtcxIOgnikmJGprodCxIhPEID0lUwQD4RTpJdN4XHiunBfsjVCyTM2N+OBPlCjH1PTfpIDsW8lpL/ad1Y9s+dhAZRLEmAZ4v6MYMyhGlUsEc5wZKNFUCYU/VXiIeIIyxVoLoKwZo/eRG0KmXLLFs31WLtMo+jAA7BESgBC5yBGqiDBmgCDB7BM3gFb9qT9qK9ax+z0SUt9xyAP6V9/QDMrJ1h</latexit><latexit sha1_base64="TVKJhl/nDxxV1ZZ9K9WnH5qSSdc=">AAACHXicbVDLSsNAFJ34rPEVdelmsAh1YUlKQTdC0U13VrEPaGKYTKft0MmDmYlQ0v6IG3/FjQtFXLgR/8ZJmoW2Xhju4Zx7uHOPFzEqpGl+a0vLK6tr64UNfXNre2fX2NtviTDmmDRxyELe8ZAgjAakKalkpBNxgnyPkbY3ukr19gPhgobBnRxHxPHRIKB9ipFUlGtUJxY8hfa1TwaoJE8m8AJCPcH3FWiHygdvXVPhVFKtnrUpdI2iWTazgovAykER5NVwjU+7F+LYJ4HEDAnRtcxIOgnikmJGprodCxIhPEID0lUwQD4RTpJdN4XHiunBfsjVCyTM2N+OBPlCjH1PTfpIDsW8lpL/ad1Y9s+dhAZRLEmAZ4v6MYMyhGlUsEc5wZKNFUCYU/VXiIeIIyxVoLoKwZo/eRG0KmXLLFs31WLtMo+jAA7BESgBC5yBGqiDBmgCDB7BM3gFb9qT9qK9ax+z0SUt9xyAP6V9/QDMrJ1h</latexit>

Para qualquer universo 
não-plano

Durante a inflação H(t) = Hi = const.
<latexit sha1_base64="kNuPidry2mGKXMn6OOZoyRUyIMA=">AAACCHicbZDLSgMxFIYz9VbrrerShcEi1E2ZEUE3QtFNlxXsBdpSMmmmDc0kQ3JGKMMs3fgqblwo4tZHcOfbmE670NYfAh//OYeT8/uR4AZc99vJrayurW/kNwtb2zu7e8X9g6ZRsaasQZVQuu0TwwSXrAEcBGtHmpHQF6zlj2+n9dYD04YreQ+TiPVCMpQ84JSAtfrF41oZzvA1rvWTrg4xTy1nRJU0UEn7xZJbcTPhZfDmUEJz1fvFr+5A0ThkEqggxnQ8N4JeQjRwKlha6MaGRYSOyZB1LEoSMtNLskNSfGqdAQ6Utk8CztzfEwkJjZmEvu0MCYzMYm1q/lfrxBBc9RIuoxiYpLNFQSwwKDxNBQ+4ZhTExAKhmtu/YjoimlCw2RVsCN7iycvQPK94bsW7uyhVb+Zx5NEROkFl5KFLVEU1VEcNRNEjekav6M15cl6cd+dj1ppz5jOH6I+czx/O9Jfz</latexit><latexit sha1_base64="kNuPidry2mGKXMn6OOZoyRUyIMA=">AAACCHicbZDLSgMxFIYz9VbrrerShcEi1E2ZEUE3QtFNlxXsBdpSMmmmDc0kQ3JGKMMs3fgqblwo4tZHcOfbmE670NYfAh//OYeT8/uR4AZc99vJrayurW/kNwtb2zu7e8X9g6ZRsaasQZVQuu0TwwSXrAEcBGtHmpHQF6zlj2+n9dYD04YreQ+TiPVCMpQ84JSAtfrF41oZzvA1rvWTrg4xTy1nRJU0UEn7xZJbcTPhZfDmUEJz1fvFr+5A0ThkEqggxnQ8N4JeQjRwKlha6MaGRYSOyZB1LEoSMtNLskNSfGqdAQ6Utk8CztzfEwkJjZmEvu0MCYzMYm1q/lfrxBBc9RIuoxiYpLNFQSwwKDxNBQ+4ZhTExAKhmtu/YjoimlCw2RVsCN7iycvQPK94bsW7uyhVb+Zx5NEROkFl5KFLVEU1VEcNRNEjekav6M15cl6cd+dj1ppz5jOH6I+czx/O9Jfz</latexit><latexit sha1_base64="kNuPidry2mGKXMn6OOZoyRUyIMA=">AAACCHicbZDLSgMxFIYz9VbrrerShcEi1E2ZEUE3QtFNlxXsBdpSMmmmDc0kQ3JGKMMs3fgqblwo4tZHcOfbmE670NYfAh//OYeT8/uR4AZc99vJrayurW/kNwtb2zu7e8X9g6ZRsaasQZVQuu0TwwSXrAEcBGtHmpHQF6zlj2+n9dYD04YreQ+TiPVCMpQ84JSAtfrF41oZzvA1rvWTrg4xTy1nRJU0UEn7xZJbcTPhZfDmUEJz1fvFr+5A0ThkEqggxnQ8N4JeQjRwKlha6MaGRYSOyZB1LEoSMtNLskNSfGqdAQ6Utk8CztzfEwkJjZmEvu0MCYzMYm1q/lfrxBBc9RIuoxiYpLNFQSwwKDxNBQ+4ZhTExAKhmtu/YjoimlCw2RVsCN7iycvQPK94bsW7uyhVb+Zx5NEROkFl5KFLVEU1VEcNRNEjekav6M15cl6cd+dj1ppz5jOH6I+czx/O9Jfz</latexit><latexit sha1_base64="kNuPidry2mGKXMn6OOZoyRUyIMA=">AAACCHicbZDLSgMxFIYz9VbrrerShcEi1E2ZEUE3QtFNlxXsBdpSMmmmDc0kQ3JGKMMs3fgqblwo4tZHcOfbmE670NYfAh//OYeT8/uR4AZc99vJrayurW/kNwtb2zu7e8X9g6ZRsaasQZVQuu0TwwSXrAEcBGtHmpHQF6zlj2+n9dYD04YreQ+TiPVCMpQ84JSAtfrF41oZzvA1rvWTrg4xTy1nRJU0UEn7xZJbcTPhZfDmUEJz1fvFr+5A0ThkEqggxnQ8N4JeQjRwKlha6MaGRYSOyZB1LEoSMtNLskNSfGqdAQ6Utk8CztzfEwkJjZmEvu0MCYzMYm1q/lfrxBBc9RIuoxiYpLNFQSwwKDxNBQ+4ZhTExAKhmtu/YjoimlCw2RVsCN7iycvQPK94bsW7uyhVb+Zx5NEROkFl5KFLVEU1VEcNRNEjekav6M15cl6cd+dj1ppz5jOH6I+czx/O9Jfz</latexit>

a(t) / exp(Hit)
<latexit sha1_base64="M40H8799UwYK+10hwBdTxDgUJmw=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBHaTUlE0GXRTZcV7AOaECbTaTt0kgwzN2IJ3bnxV9y4UMStv+DOv3HaZqGtBwYO59zLnXNCKbgGx/m2VlbX1jc2C1vF7Z3dvX374LClk1RR1qSJSFQnJJoJHrMmcBCsIxUjUShYOxzdTP32PVOaJ/EdjCXzIzKIeZ9TAkYK7BNShgr2pEokJNhjD7JcDzJPRZhPMFQCu+RUnRnwMnFzUkI5GoH95fUSmkYsBiqI1l3XkeBnRAGngk2KXqqZJHREBqxraEwipv1slmOCz4zSw/1EmRcDnqm/NzISaT2OQjMZERjqRW8q/ud1U+hf+RmPZQospvND/VRgE3laCu5xxSiIsSGEKm7+iumQKELBVFc0JbiLkZdJ67zqOlX39qJUu87rKKBjdIrKyEWXqIbqqIGaiKJH9Ixe0Zv1ZL1Y79bHfHTFyneO0B9Ynz8doZgu</latexit><latexit sha1_base64="M40H8799UwYK+10hwBdTxDgUJmw=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBHaTUlE0GXRTZcV7AOaECbTaTt0kgwzN2IJ3bnxV9y4UMStv+DOv3HaZqGtBwYO59zLnXNCKbgGx/m2VlbX1jc2C1vF7Z3dvX374LClk1RR1qSJSFQnJJoJHrMmcBCsIxUjUShYOxzdTP32PVOaJ/EdjCXzIzKIeZ9TAkYK7BNShgr2pEokJNhjD7JcDzJPRZhPMFQCu+RUnRnwMnFzUkI5GoH95fUSmkYsBiqI1l3XkeBnRAGngk2KXqqZJHREBqxraEwipv1slmOCz4zSw/1EmRcDnqm/NzISaT2OQjMZERjqRW8q/ud1U+hf+RmPZQospvND/VRgE3laCu5xxSiIsSGEKm7+iumQKELBVFc0JbiLkZdJ67zqOlX39qJUu87rKKBjdIrKyEWXqIbqqIGaiKJH9Ixe0Zv1ZL1Y79bHfHTFyneO0B9Ynz8doZgu</latexit><latexit sha1_base64="M40H8799UwYK+10hwBdTxDgUJmw=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBHaTUlE0GXRTZcV7AOaECbTaTt0kgwzN2IJ3bnxV9y4UMStv+DOv3HaZqGtBwYO59zLnXNCKbgGx/m2VlbX1jc2C1vF7Z3dvX374LClk1RR1qSJSFQnJJoJHrMmcBCsIxUjUShYOxzdTP32PVOaJ/EdjCXzIzKIeZ9TAkYK7BNShgr2pEokJNhjD7JcDzJPRZhPMFQCu+RUnRnwMnFzUkI5GoH95fUSmkYsBiqI1l3XkeBnRAGngk2KXqqZJHREBqxraEwipv1slmOCz4zSw/1EmRcDnqm/NzISaT2OQjMZERjqRW8q/ud1U+hf+RmPZQospvND/VRgE3laCu5xxSiIsSGEKm7+iumQKELBVFc0JbiLkZdJ67zqOlX39qJUu87rKKBjdIrKyEWXqIbqqIGaiKJH9Ixe0Zv1ZL1Y79bHfHTFyneO0B9Ynz8doZgu</latexit><latexit sha1_base64="M40H8799UwYK+10hwBdTxDgUJmw=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBHaTUlE0GXRTZcV7AOaECbTaTt0kgwzN2IJ3bnxV9y4UMStv+DOv3HaZqGtBwYO59zLnXNCKbgGx/m2VlbX1jc2C1vF7Z3dvX374LClk1RR1qSJSFQnJJoJHrMmcBCsIxUjUShYOxzdTP32PVOaJ/EdjCXzIzKIeZ9TAkYK7BNShgr2pEokJNhjD7JcDzJPRZhPMFQCu+RUnRnwMnFzUkI5GoH95fUSmkYsBiqI1l3XkeBnRAGngk2KXqqZJHREBqxraEwipv1slmOCz4zSw/1EmRcDnqm/NzISaT2OQjMZERjqRW8q/ud1U+hf+RmPZQospvND/VRgE3laCu5xxSiIsSGEKm7+iumQKELBVFc0JbiLkZdJ67zqOlX39qJUu87rKKBjdIrKyEWXqIbqqIGaiKJH9Ixe0Zv1ZL1Y79bHfHTFyneO0B9Ynz8doZgu</latexit>

|1� ⌦(t)| / exp(�2Hit)
<latexit sha1_base64="VjmstxzXPC7F9yTAYqka0q6rxSU=">AAACFXicbVBNSwMxEM367fpV9eglWIQKWnZF0KPoxZsKVoVuKdl0WoPJJiSzYln7J7z4V7x4UMSr4M1/Y1p78OvBwOO9GWbmpUYKh1H0EYyMjo1PTE5NhzOzc/MLpcWlM6dzy6HGtdT2ImUOpMighgIlXBgLTKUSztOrg75/fg3WCZ2dYtdAQ7FOJtqCM/RSs7RxG9NNmhwp6LAKrt/SMDFWG9RhAjeGVja3DptFYhUVPVxvlspRNRqA/iXxkJTJEMfN0nvS0jxXkCGXzLl6HBlsFMyi4BJ6YZI7MIxfsQ7UPc2YAtcoBl/16JpXWrStra8M6UD9PlEw5VxXpb5TMbx0v72++J9Xz7G92yhEZnKEjH8taueSoqb9iGhLWOAou54wboW/lfJLZhlHH2ToQ4h/v/yXnG1V46gan2yX9/aHcUyRFbJKKiQmO2SPHJJjUiOc3JEH8kSeg/vgMXgJXr9aR4LhzDL5geDtE3ssnIc=</latexit><latexit sha1_base64="VjmstxzXPC7F9yTAYqka0q6rxSU=">AAACFXicbVBNSwMxEM367fpV9eglWIQKWnZF0KPoxZsKVoVuKdl0WoPJJiSzYln7J7z4V7x4UMSr4M1/Y1p78OvBwOO9GWbmpUYKh1H0EYyMjo1PTE5NhzOzc/MLpcWlM6dzy6HGtdT2ImUOpMighgIlXBgLTKUSztOrg75/fg3WCZ2dYtdAQ7FOJtqCM/RSs7RxG9NNmhwp6LAKrt/SMDFWG9RhAjeGVja3DptFYhUVPVxvlspRNRqA/iXxkJTJEMfN0nvS0jxXkCGXzLl6HBlsFMyi4BJ6YZI7MIxfsQ7UPc2YAtcoBl/16JpXWrStra8M6UD9PlEw5VxXpb5TMbx0v72++J9Xz7G92yhEZnKEjH8taueSoqb9iGhLWOAou54wboW/lfJLZhlHH2ToQ4h/v/yXnG1V46gan2yX9/aHcUyRFbJKKiQmO2SPHJJjUiOc3JEH8kSeg/vgMXgJXr9aR4LhzDL5geDtE3ssnIc=</latexit><latexit sha1_base64="VjmstxzXPC7F9yTAYqka0q6rxSU=">AAACFXicbVBNSwMxEM367fpV9eglWIQKWnZF0KPoxZsKVoVuKdl0WoPJJiSzYln7J7z4V7x4UMSr4M1/Y1p78OvBwOO9GWbmpUYKh1H0EYyMjo1PTE5NhzOzc/MLpcWlM6dzy6HGtdT2ImUOpMighgIlXBgLTKUSztOrg75/fg3WCZ2dYtdAQ7FOJtqCM/RSs7RxG9NNmhwp6LAKrt/SMDFWG9RhAjeGVja3DptFYhUVPVxvlspRNRqA/iXxkJTJEMfN0nvS0jxXkCGXzLl6HBlsFMyi4BJ6YZI7MIxfsQ7UPc2YAtcoBl/16JpXWrStra8M6UD9PlEw5VxXpb5TMbx0v72++J9Xz7G92yhEZnKEjH8taueSoqb9iGhLWOAou54wboW/lfJLZhlHH2ToQ4h/v/yXnG1V46gan2yX9/aHcUyRFbJKKiQmO2SPHJJjUiOc3JEH8kSeg/vgMXgJXr9aR4LhzDL5geDtE3ssnIc=</latexit><latexit sha1_base64="VjmstxzXPC7F9yTAYqka0q6rxSU=">AAACFXicbVBNSwMxEM367fpV9eglWIQKWnZF0KPoxZsKVoVuKdl0WoPJJiSzYln7J7z4V7x4UMSr4M1/Y1p78OvBwOO9GWbmpUYKh1H0EYyMjo1PTE5NhzOzc/MLpcWlM6dzy6HGtdT2ImUOpMighgIlXBgLTKUSztOrg75/fg3WCZ2dYtdAQ7FOJtqCM/RSs7RxG9NNmhwp6LAKrt/SMDFWG9RhAjeGVja3DptFYhUVPVxvlspRNRqA/iXxkJTJEMfN0nvS0jxXkCGXzLl6HBlsFMyi4BJ6YZI7MIxfsQ7UPc2YAtcoBl/16JpXWrStra8M6UD9PlEw5VxXpb5TMbx0v72++J9Xz7G92yhEZnKEjH8taueSoqb9iGhLWOAou54wboW/lfJLZhlHH2ToQ4h/v/yXnG1V46gan2yX9/aHcUyRFbJKKiQmO2SPHJJjUiOc3JEH8kSeg/vgMXgJXr9aR4LhzDL5geDtE3ssnIc=</latexit>

Diferença c/ relação ao 
valor 1 aumenta 

exponencialmente
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10.4 A Solução via Inflação

Como a inflação resolve os problemas de 
planicidade, do horizonte e do monopolo?

1) Planicidade
Comparando o parâmetro de densidade no início da inflação com seu valor no 
final da inflação:

|1� ⌦(tf )| = exp(�2N)|1� ⌦(ti)|
<latexit sha1_base64="dsfhcNCgrp3Oo9rn0iq6tmdUYQo=">AAACHHicbVBNS8NAEN3Urxq/oh69LBahPbQkVdCLUPTiSSvYVmhK2Wwn7dLNB7sbsaT9IV78K148KOLFg+C/MWl7sK0PBh7vzTAzzwk5k8o0f7TM0vLK6lp2Xd/Y3NreMXb36jKIBIUaDXgg7h0igTMfaoopDvehAOI5HBpO/zL1Gw8gJAv8OzUIoeWRrs9cRolKpLZxPLRwEds3HnRJXrXdwhDr57oNjyHOF8vXBX3WZ6nfNnJmyRwDLxJrSnJoimrb+LI7AY088BXlRMqmZYaqFROhGOUw0u1IQkhon3ShmVCfeCBb8fi5ET5KlA52A5GUr/BY/TsRE0/KgecknR5RPTnvpeJ/XjNS7lkrZn4YKfDpZJEbcawCnCaFO0wAVXyQEEIFS27FtEcEoSrJMw3Bmn95kdTLJcssWbcnucrFNI4sOkCHKI8sdIoq6ApVUQ1R9IRe0Bt61561V+1D+5y0ZrTpzD6agfb9C+HonOI=</latexit><latexit sha1_base64="dsfhcNCgrp3Oo9rn0iq6tmdUYQo=">AAACHHicbVBNS8NAEN3Urxq/oh69LBahPbQkVdCLUPTiSSvYVmhK2Wwn7dLNB7sbsaT9IV78K148KOLFg+C/MWl7sK0PBh7vzTAzzwk5k8o0f7TM0vLK6lp2Xd/Y3NreMXb36jKIBIUaDXgg7h0igTMfaoopDvehAOI5HBpO/zL1Gw8gJAv8OzUIoeWRrs9cRolKpLZxPLRwEds3HnRJXrXdwhDr57oNjyHOF8vXBX3WZ6nfNnJmyRwDLxJrSnJoimrb+LI7AY088BXlRMqmZYaqFROhGOUw0u1IQkhon3ShmVCfeCBb8fi5ET5KlA52A5GUr/BY/TsRE0/KgecknR5RPTnvpeJ/XjNS7lkrZn4YKfDpZJEbcawCnCaFO0wAVXyQEEIFS27FtEcEoSrJMw3Bmn95kdTLJcssWbcnucrFNI4sOkCHKI8sdIoq6ApVUQ1R9IRe0Bt61561V+1D+5y0ZrTpzD6agfb9C+HonOI=</latexit><latexit sha1_base64="dsfhcNCgrp3Oo9rn0iq6tmdUYQo=">AAACHHicbVBNS8NAEN3Urxq/oh69LBahPbQkVdCLUPTiSSvYVmhK2Wwn7dLNB7sbsaT9IV78K148KOLFg+C/MWl7sK0PBh7vzTAzzwk5k8o0f7TM0vLK6lp2Xd/Y3NreMXb36jKIBIUaDXgg7h0igTMfaoopDvehAOI5HBpO/zL1Gw8gJAv8OzUIoeWRrs9cRolKpLZxPLRwEds3HnRJXrXdwhDr57oNjyHOF8vXBX3WZ6nfNnJmyRwDLxJrSnJoimrb+LI7AY088BXlRMqmZYaqFROhGOUw0u1IQkhon3ShmVCfeCBb8fi5ET5KlA52A5GUr/BY/TsRE0/KgecknR5RPTnvpeJ/XjNS7lkrZn4YKfDpZJEbcawCnCaFO0wAVXyQEEIFS27FtEcEoSrJMw3Bmn95kdTLJcssWbcnucrFNI4sOkCHKI8sdIoq6ApVUQ1R9IRe0Bt61561V+1D+5y0ZrTpzD6agfb9C+HonOI=</latexit><latexit sha1_base64="dsfhcNCgrp3Oo9rn0iq6tmdUYQo=">AAACHHicbVBNS8NAEN3Urxq/oh69LBahPbQkVdCLUPTiSSvYVmhK2Wwn7dLNB7sbsaT9IV78K148KOLFg+C/MWl7sK0PBh7vzTAzzwk5k8o0f7TM0vLK6lp2Xd/Y3NreMXb36jKIBIUaDXgg7h0igTMfaoopDvehAOI5HBpO/zL1Gw8gJAv8OzUIoeWRrs9cRolKpLZxPLRwEds3HnRJXrXdwhDr57oNjyHOF8vXBX3WZ6nfNnJmyRwDLxJrSnJoimrb+LI7AY088BXlRMqmZYaqFROhGOUw0u1IQkhon3ShmVCfeCBb8fi5ET5KlA52A5GUr/BY/TsRE0/KgecknR5RPTnvpeJ/XjNS7lkrZn4YKfDpZJEbcawCnCaFO0wAVXyQEEIFS27FtEcEoSrJMw3Bmn95kdTLJcssWbcnucrFNI4sOkCHKI8sdIoq6ApVUQ1R9IRe0Bt61561V+1D+5y0ZrTpzD6agfb9C+HonOI=</latexit>

Suponha que, antes da inflação, o 
Universo era fortemente curvo:

|1� ⌦(ti)| ⇠ 1
<latexit sha1_base64="z5rMt2XiJhaISAXnqu7ngpe5MKg=">AAACAnicbVDLSsNAFJ3UV42vqCtxM1iEurBkRNBl0Y07K9gHNCFMptN26EwSZiZCSYsbf8WNC0Xc+hXu/BunbRbaeuDC4Zx7ufeeMOFMadf9tgpLyyura8V1e2Nza3vH2d1rqDiVhNZJzGPZCrGinEW0rpnmtJVIikXIaTMcXE/85gOVisXRvR4m1Be4F7EuI1gbKXAORgieQu9W0B4u64CdjKDtKSYgCpySW3GngIsE5aQEctQC58vrxCQVNNKEY6XayE20n2GpGeF0bHupogkmA9yjbUMjLKjys+kLY3hslA7sxtJUpOFU/T2RYaHUUISmU2DdV/PeRPzPa6e6e+lnLEpSTSMyW9RNOdQxnOQBO0xSovnQEEwkM7dC0scSE21Ss00IaP7lRdI4qyC3gu7OS9WrPI4iOARHoAwQuABVcANqoA4IeATP4BW8WU/Wi/VufcxaC1Y+sw/+wPr8AeXslS0=</latexit><latexit sha1_base64="z5rMt2XiJhaISAXnqu7ngpe5MKg=">AAACAnicbVDLSsNAFJ3UV42vqCtxM1iEurBkRNBl0Y07K9gHNCFMptN26EwSZiZCSYsbf8WNC0Xc+hXu/BunbRbaeuDC4Zx7ufeeMOFMadf9tgpLyyura8V1e2Nza3vH2d1rqDiVhNZJzGPZCrGinEW0rpnmtJVIikXIaTMcXE/85gOVisXRvR4m1Be4F7EuI1gbKXAORgieQu9W0B4u64CdjKDtKSYgCpySW3GngIsE5aQEctQC58vrxCQVNNKEY6XayE20n2GpGeF0bHupogkmA9yjbUMjLKjys+kLY3hslA7sxtJUpOFU/T2RYaHUUISmU2DdV/PeRPzPa6e6e+lnLEpSTSMyW9RNOdQxnOQBO0xSovnQEEwkM7dC0scSE21Ss00IaP7lRdI4qyC3gu7OS9WrPI4iOARHoAwQuABVcANqoA4IeATP4BW8WU/Wi/VufcxaC1Y+sw/+wPr8AeXslS0=</latexit><latexit sha1_base64="z5rMt2XiJhaISAXnqu7ngpe5MKg=">AAACAnicbVDLSsNAFJ3UV42vqCtxM1iEurBkRNBl0Y07K9gHNCFMptN26EwSZiZCSYsbf8WNC0Xc+hXu/BunbRbaeuDC4Zx7ufeeMOFMadf9tgpLyyura8V1e2Nza3vH2d1rqDiVhNZJzGPZCrGinEW0rpnmtJVIikXIaTMcXE/85gOVisXRvR4m1Be4F7EuI1gbKXAORgieQu9W0B4u64CdjKDtKSYgCpySW3GngIsE5aQEctQC58vrxCQVNNKEY6XayE20n2GpGeF0bHupogkmA9yjbUMjLKjys+kLY3hslA7sxtJUpOFU/T2RYaHUUISmU2DdV/PeRPzPa6e6e+lnLEpSTSMyW9RNOdQxnOQBO0xSovnQEEwkM7dC0scSE21Ss00IaP7lRdI4qyC3gu7OS9WrPI4iOARHoAwQuABVcANqoA4IeATP4BW8WU/Wi/VufcxaC1Y+sw/+wPr8AeXslS0=</latexit><latexit sha1_base64="z5rMt2XiJhaISAXnqu7ngpe5MKg=">AAACAnicbVDLSsNAFJ3UV42vqCtxM1iEurBkRNBl0Y07K9gHNCFMptN26EwSZiZCSYsbf8WNC0Xc+hXu/BunbRbaeuDC4Zx7ufeeMOFMadf9tgpLyyura8V1e2Nza3vH2d1rqDiVhNZJzGPZCrGinEW0rpnmtJVIikXIaTMcXE/85gOVisXRvR4m1Be4F7EuI1gbKXAORgieQu9W0B4u64CdjKDtKSYgCpySW3GngIsE5aQEctQC58vrxCQVNNKEY6XayE20n2GpGeF0bHupogkmA9yjbUMjLKjys+kLY3hslA7sxtJUpOFU/T2RYaHUUISmU2DdV/PeRPzPa6e6e+lnLEpSTSMyW9RNOdQxnOQBO0xSovnQEEwkM7dC0scSE21Ss00IaP7lRdI4qyC3gu7OS9WrPI4iOARHoAwQuABVcANqoA4IeATP4BW8WU/Wi/VufcxaC1Y+sw/+wPr8AeXslS0=</latexit>

Logo após a inflação, teremos:

|1� ⌦(tf )| ⇠ exp(�2N)

<latexit sha1_base64="CkU99lO8b4UY/+M5ADL21vwuIJU=">AAACC3icbVC7TgJBFJ31ifhCLW0mEBMoILvEREuijZViIo+EJWR2uAsTZnY3M7NGAvQ2/oqNhcbY+gN2/o0DbKHgSe7NyTn3ZuYeL+JMadv+tlZW19Y3NlNb6e2d3b39zMFhXYWxpFCjIQ9l0yMKOAugppnm0IwkEOFxaHiDy6nfuAepWBjc6WEEbUF6AfMZJdpInUx27OAidm8E9Ehed/zCGKddxYTp8BDli+XrQieTs0v2DHiZOAnJoQTVTubL7YY0FhBoyolSLceOdHtEpGaUwyTtxgoiQgekBy1DAyJAtUezWyb4xChd7IfSVKDxTP29MSJCqaHwzKQguq8Wvan4n9eKtX/eHrEgijUEdP6QH3OsQzwNBneZBKr50BBCJTN/xbRPJKHaxJc2ITiLJy+Ternk2CXn9jRXuUjiSKFjlEV55KAzVEFXqIpqiKJH9Ixe0Zv1ZL1Y79bHfHTFSnaO0B9Ynz9JeZgE</latexit><latexit sha1_base64="CkU99lO8b4UY/+M5ADL21vwuIJU=">AAACC3icbVC7TgJBFJ31ifhCLW0mEBMoILvEREuijZViIo+EJWR2uAsTZnY3M7NGAvQ2/oqNhcbY+gN2/o0DbKHgSe7NyTn3ZuYeL+JMadv+tlZW19Y3NlNb6e2d3b39zMFhXYWxpFCjIQ9l0yMKOAugppnm0IwkEOFxaHiDy6nfuAepWBjc6WEEbUF6AfMZJdpInUx27OAidm8E9Ehed/zCGKddxYTp8BDli+XrQieTs0v2DHiZOAnJoQTVTubL7YY0FhBoyolSLceOdHtEpGaUwyTtxgoiQgekBy1DAyJAtUezWyb4xChd7IfSVKDxTP29MSJCqaHwzKQguq8Wvan4n9eKtX/eHrEgijUEdP6QH3OsQzwNBneZBKr50BBCJTN/xbRPJKHaxJc2ITiLJy+Ternk2CXn9jRXuUjiSKFjlEV55KAzVEFXqIpqiKJH9Ixe0Zv1ZL1Y79bHfHTFSnaO0B9Ynz9JeZgE</latexit><latexit sha1_base64="CkU99lO8b4UY/+M5ADL21vwuIJU=">AAACC3icbVC7TgJBFJ31ifhCLW0mEBMoILvEREuijZViIo+EJWR2uAsTZnY3M7NGAvQ2/oqNhcbY+gN2/o0DbKHgSe7NyTn3ZuYeL+JMadv+tlZW19Y3NlNb6e2d3b39zMFhXYWxpFCjIQ9l0yMKOAugppnm0IwkEOFxaHiDy6nfuAepWBjc6WEEbUF6AfMZJdpInUx27OAidm8E9Ehed/zCGKddxYTp8BDli+XrQieTs0v2DHiZOAnJoQTVTubL7YY0FhBoyolSLceOdHtEpGaUwyTtxgoiQgekBy1DAyJAtUezWyb4xChd7IfSVKDxTP29MSJCqaHwzKQguq8Wvan4n9eKtX/eHrEgijUEdP6QH3OsQzwNBneZBKr50BBCJTN/xbRPJKHaxJc2ITiLJy+Ternk2CXn9jRXuUjiSKFjlEV55KAzVEFXqIpqiKJH9Ixe0Zv1ZL1Y79bHfHTFSnaO0B9Ynz9JeZgE</latexit><latexit sha1_base64="CkU99lO8b4UY/+M5ADL21vwuIJU=">AAACC3icbVC7TgJBFJ31ifhCLW0mEBMoILvEREuijZViIo+EJWR2uAsTZnY3M7NGAvQ2/oqNhcbY+gN2/o0DbKHgSe7NyTn3ZuYeL+JMadv+tlZW19Y3NlNb6e2d3b39zMFhXYWxpFCjIQ9l0yMKOAugppnm0IwkEOFxaHiDy6nfuAepWBjc6WEEbUF6AfMZJdpInUx27OAidm8E9Ehed/zCGKddxYTp8BDli+XrQieTs0v2DHiZOAnJoQTVTubL7YY0FhBoyolSLceOdHtEpGaUwyTtxgoiQgekBy1DAyJAtUezWyb4xChd7IfSVKDxTP29MSJCqaHwzKQguq8Wvan4n9eKtX/eHrEgijUEdP6QH3OsQzwNBneZBKr50BBCJTN/xbRPJKHaxJc2ITiLJy+Ternk2CXn9jRXuUjiSKFjlEV55KAzVEFXqIpqiKJH9Ixe0Zv1ZL1Y79bHfHTFSnaO0B9Ynz9JeZgE</latexit>

Quantidade de aplanamento 
causada pela inflação.
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10.4 A Solução via Inflação

Como a inflação resolve os problemas de 
planicidade, do horizonte e do monopolo?

1) Planicidade

tf = (N + 1)ti ⇡ (N + 1)⇥ 10�36 s ) a(tf ) ⇡ 2⇥ 10�28
p
N + 1

<latexit sha1_base64="4Chzz8co++2NI5A1CwxH3rac4qc="></latexit><latexit sha1_base64="4Chzz8co++2NI5A1CwxH3rac4qc="></latexit><latexit sha1_base64="4Chzz8co++2NI5A1CwxH3rac4qc="></latexit><latexit sha1_base64="4Chzz8co++2NI5A1CwxH3rac4qc="></latexit>

1� ⌦(t) =
(1� ⌦0)a2

⌦r,0 + a⌦m,0
<latexit sha1_base64="XH/nAEBhBBXlJTvnts+3vw4kTgY="></latexit><latexit sha1_base64="XH/nAEBhBBXlJTvnts+3vw4kTgY="></latexit><latexit sha1_base64="XH/nAEBhBBXlJTvnts+3vw4kTgY="></latexit><latexit sha1_base64="XH/nAEBhBBXlJTvnts+3vw4kTgY="></latexit>

⌦r,0 ⇡ 9.0⇥ 10�5
<latexit sha1_base64="umRvfFGfyeA5lSHQcjVss30/JN4=">AAACEHicbVC7TsMwFHXKq4RXgJHFokIwQOUgELBVsLBRJPqQmhA5rtNadR6yHUQV5RNY+BUWBhBiZWTjb3DbDFA40pWOzrlX997jJ5xJhdCXUZqZnZtfKC+aS8srq2vW+kZTxqkgtEFiHou2jyXlLKINxRSn7URQHPqctvzBxchv3VEhWRzdqGFC3RD3IhYwgpWWPGvXuQppD3uZ2Ec5dHCSiPjePKsi6CgWUgltdJsdHOeeVUFVNAb8S+yCVECBumd9Ot2YpCGNFOFYyo6NEuVmWChGOM1NJ5U0wWSAe7SjaYT1MjcbP5TDHa10YRALXZGCY/XnRIZDKYehrztDrPpy2huJ/3mdVAWnbsaiJFU0IpNFQcqhiuEoHdhlghLFh5pgIpi+FZI+FpgonaGpQ7CnX/5LmodVG1Xt66NK7byIowy2wDbYAzY4ATVwCeqgAQh4AE/gBbwaj8az8Wa8T1pLRjGzCX7B+PgG0/abKQ==</latexit><latexit sha1_base64="umRvfFGfyeA5lSHQcjVss30/JN4=">AAACEHicbVC7TsMwFHXKq4RXgJHFokIwQOUgELBVsLBRJPqQmhA5rtNadR6yHUQV5RNY+BUWBhBiZWTjb3DbDFA40pWOzrlX997jJ5xJhdCXUZqZnZtfKC+aS8srq2vW+kZTxqkgtEFiHou2jyXlLKINxRSn7URQHPqctvzBxchv3VEhWRzdqGFC3RD3IhYwgpWWPGvXuQppD3uZ2Ec5dHCSiPjePKsi6CgWUgltdJsdHOeeVUFVNAb8S+yCVECBumd9Ot2YpCGNFOFYyo6NEuVmWChGOM1NJ5U0wWSAe7SjaYT1MjcbP5TDHa10YRALXZGCY/XnRIZDKYehrztDrPpy2huJ/3mdVAWnbsaiJFU0IpNFQcqhiuEoHdhlghLFh5pgIpi+FZI+FpgonaGpQ7CnX/5LmodVG1Xt66NK7byIowy2wDbYAzY4ATVwCeqgAQh4AE/gBbwaj8az8Wa8T1pLRjGzCX7B+PgG0/abKQ==</latexit><latexit sha1_base64="umRvfFGfyeA5lSHQcjVss30/JN4=">AAACEHicbVC7TsMwFHXKq4RXgJHFokIwQOUgELBVsLBRJPqQmhA5rtNadR6yHUQV5RNY+BUWBhBiZWTjb3DbDFA40pWOzrlX997jJ5xJhdCXUZqZnZtfKC+aS8srq2vW+kZTxqkgtEFiHou2jyXlLKINxRSn7URQHPqctvzBxchv3VEhWRzdqGFC3RD3IhYwgpWWPGvXuQppD3uZ2Ec5dHCSiPjePKsi6CgWUgltdJsdHOeeVUFVNAb8S+yCVECBumd9Ot2YpCGNFOFYyo6NEuVmWChGOM1NJ5U0wWSAe7SjaYT1MjcbP5TDHa10YRALXZGCY/XnRIZDKYehrztDrPpy2huJ/3mdVAWnbsaiJFU0IpNFQcqhiuEoHdhlghLFh5pgIpi+FZI+FpgonaGpQ7CnX/5LmodVG1Xt66NK7byIowy2wDbYAzY4ATVwCeqgAQh4AE/gBbwaj8az8Wa8T1pLRjGzCX7B+PgG0/abKQ==</latexit><latexit sha1_base64="umRvfFGfyeA5lSHQcjVss30/JN4=">AAACEHicbVC7TsMwFHXKq4RXgJHFokIwQOUgELBVsLBRJPqQmhA5rtNadR6yHUQV5RNY+BUWBhBiZWTjb3DbDFA40pWOzrlX997jJ5xJhdCXUZqZnZtfKC+aS8srq2vW+kZTxqkgtEFiHou2jyXlLKINxRSn7URQHPqctvzBxchv3VEhWRzdqGFC3RD3IhYwgpWWPGvXuQppD3uZ2Ec5dHCSiPjePKsi6CgWUgltdJsdHOeeVUFVNAb8S+yCVECBumd9Ot2YpCGNFOFYyo6NEuVmWChGOM1NJ5U0wWSAe7SjaYT1MjcbP5TDHa10YRALXZGCY/XnRIZDKYehrztDrPpy2huJ/3mdVAWnbsaiJFU0IpNFQcqhiuEoHdhlghLFh5pgIpi+FZI+FpgonaGpQ7CnX/5LmodVG1Xt66NK7byIowy2wDbYAzY4ATVwCeqgAQh4AE/gBbwaj8az8Wa8T1pLRjGzCX7B+PgG0/abKQ==</latexit>

⌦m,0 ⇡ 0.31
<latexit sha1_base64="HDfGWYsCwOByNassc5jXhNmvyqQ=">AAACAnicbVDLSsNAFJ3UV42vqCtxM1gEF1ISFXRZdOPOCvYBTQiT6aQdOjMJMxOxhOLGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r0nShlV2nW/rdLC4tLySnnVXlvf2NxytneaKskkJg2csES2I6QIo4I0NNWMtFNJEI8YaUWDq7HfuidS0UTc6WFKAo56gsYUI22k0NnzbzjpoTDnx+4I+ihNZfJgu9VTL3QqbtWdAM4TryAVUKAeOl9+N8EZJ0JjhpTqeG6qgxxJTTEjI9vPFEkRHqAe6RgqECcqyCcvjOChUbowTqQpoeFE/T2RI67UkEemkyPdV7PeWPzP62Q6vghyKtJME4Gni+KMQZ3AcR6wSyXBmg0NQVhScyvEfSQR1iY124Tgzb48T5onVc+terdnldplEUcZ7IMDcAQ8cA5q4BrUQQNg8AiewSt4s56sF+vd+pi2lqxiZhf8gfX5AxlBlew=</latexit><latexit sha1_base64="HDfGWYsCwOByNassc5jXhNmvyqQ=">AAACAnicbVDLSsNAFJ3UV42vqCtxM1gEF1ISFXRZdOPOCvYBTQiT6aQdOjMJMxOxhOLGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r0nShlV2nW/rdLC4tLySnnVXlvf2NxytneaKskkJg2csES2I6QIo4I0NNWMtFNJEI8YaUWDq7HfuidS0UTc6WFKAo56gsYUI22k0NnzbzjpoTDnx+4I+ihNZfJgu9VTL3QqbtWdAM4TryAVUKAeOl9+N8EZJ0JjhpTqeG6qgxxJTTEjI9vPFEkRHqAe6RgqECcqyCcvjOChUbowTqQpoeFE/T2RI67UkEemkyPdV7PeWPzP62Q6vghyKtJME4Gni+KMQZ3AcR6wSyXBmg0NQVhScyvEfSQR1iY124Tgzb48T5onVc+terdnldplEUcZ7IMDcAQ8cA5q4BrUQQNg8AiewSt4s56sF+vd+pi2lqxiZhf8gfX5AxlBlew=</latexit><latexit sha1_base64="HDfGWYsCwOByNassc5jXhNmvyqQ=">AAACAnicbVDLSsNAFJ3UV42vqCtxM1gEF1ISFXRZdOPOCvYBTQiT6aQdOjMJMxOxhOLGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r0nShlV2nW/rdLC4tLySnnVXlvf2NxytneaKskkJg2csES2I6QIo4I0NNWMtFNJEI8YaUWDq7HfuidS0UTc6WFKAo56gsYUI22k0NnzbzjpoTDnx+4I+ihNZfJgu9VTL3QqbtWdAM4TryAVUKAeOl9+N8EZJ0JjhpTqeG6qgxxJTTEjI9vPFEkRHqAe6RgqECcqyCcvjOChUbowTqQpoeFE/T2RI67UkEemkyPdV7PeWPzP62Q6vghyKtJME4Gni+KMQZ3AcR6wSyXBmg0NQVhScyvEfSQR1iY124Tgzb48T5onVc+terdnldplEUcZ7IMDcAQ8cA5q4BrUQQNg8AiewSt4s56sF+vd+pi2lqxiZhf8gfX5AxlBlew=</latexit><latexit sha1_base64="HDfGWYsCwOByNassc5jXhNmvyqQ=">AAACAnicbVDLSsNAFJ3UV42vqCtxM1gEF1ISFXRZdOPOCvYBTQiT6aQdOjMJMxOxhOLGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r0nShlV2nW/rdLC4tLySnnVXlvf2NxytneaKskkJg2csES2I6QIo4I0NNWMtFNJEI8YaUWDq7HfuidS0UTc6WFKAo56gsYUI22k0NnzbzjpoTDnx+4I+ihNZfJgu9VTL3QqbtWdAM4TryAVUKAeOl9+N8EZJ0JjhpTqeG6qgxxJTTEjI9vPFEkRHqAe6RgqECcqyCcvjOChUbowTqQpoeFE/T2RI67UkEemkyPdV7PeWPzP62Q6vghyKtJME4Gni+KMQZ3AcR6wSyXBmg0NQVhScyvEfSQR1iY124Tgzb48T5onVc+terdnldplEUcZ7IMDcAQ8cA5q4BrUQQNg8AiewSt4s56sF+vd+pi2lqxiZhf8gfX5AxlBlew=</latexit>

⌦⇤,0 ⇡ 0.69
<latexit sha1_base64="BUAZhlsUS4TsGxN+oLgwY3O1Ijo=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgbBQsKsiI8uaGMhGME8IBuWu5NJMmT2wcysGJaUNv6KjYUitn6CnX/jJNlCEw8MHM65hzv3+LHgShPybeXm5hcWl/LLhZXVtfUNe3OrpqJEUlalkYhkwwfFBA9ZVXMtWCOWDAJfsLrfvxz59XsmFY/COz2IWSuAbsg7nII2kmfvujcB64KXutcm1IZDMsQuxLGMHgqkdHLu2UVSImPgWeJkpIgyVDz7y21HNAlYqKkApZoOiXUrBak5FWxYcBPFYqB96LKmoSEETLXS8SFDvG+UNu5E0rxQ47H6O5FCoNQg8M1kALqnpr2R+J/XTHTnrJXyME40C+lkUScRWEd41Apuc8moFgNDgEpu/oppDyRQbbormBKc6ZNnSe2o5JCSc3tcLF9kdeTRDtpDB8hBp6iMrlAFVRFFj+gZvaI368l6sd6tj8lozsoy2+gPrM8fl42YYw==</latexit><latexit sha1_base64="BUAZhlsUS4TsGxN+oLgwY3O1Ijo=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgbBQsKsiI8uaGMhGME8IBuWu5NJMmT2wcysGJaUNv6KjYUitn6CnX/jJNlCEw8MHM65hzv3+LHgShPybeXm5hcWl/LLhZXVtfUNe3OrpqJEUlalkYhkwwfFBA9ZVXMtWCOWDAJfsLrfvxz59XsmFY/COz2IWSuAbsg7nII2kmfvujcB64KXutcm1IZDMsQuxLGMHgqkdHLu2UVSImPgWeJkpIgyVDz7y21HNAlYqKkApZoOiXUrBak5FWxYcBPFYqB96LKmoSEETLXS8SFDvG+UNu5E0rxQ47H6O5FCoNQg8M1kALqnpr2R+J/XTHTnrJXyME40C+lkUScRWEd41Apuc8moFgNDgEpu/oppDyRQbbormBKc6ZNnSe2o5JCSc3tcLF9kdeTRDtpDB8hBp6iMrlAFVRFFj+gZvaI368l6sd6tj8lozsoy2+gPrM8fl42YYw==</latexit><latexit sha1_base64="BUAZhlsUS4TsGxN+oLgwY3O1Ijo=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgbBQsKsiI8uaGMhGME8IBuWu5NJMmT2wcysGJaUNv6KjYUitn6CnX/jJNlCEw8MHM65hzv3+LHgShPybeXm5hcWl/LLhZXVtfUNe3OrpqJEUlalkYhkwwfFBA9ZVXMtWCOWDAJfsLrfvxz59XsmFY/COz2IWSuAbsg7nII2kmfvujcB64KXutcm1IZDMsQuxLGMHgqkdHLu2UVSImPgWeJkpIgyVDz7y21HNAlYqKkApZoOiXUrBak5FWxYcBPFYqB96LKmoSEETLXS8SFDvG+UNu5E0rxQ47H6O5FCoNQg8M1kALqnpr2R+J/XTHTnrJXyME40C+lkUScRWEd41Apuc8moFgNDgEpu/oppDyRQbbormBKc6ZNnSe2o5JCSc3tcLF9kdeTRDtpDB8hBp6iMrlAFVRFFj+gZvaI368l6sd6tj8lozsoy2+gPrM8fl42YYw==</latexit><latexit sha1_base64="BUAZhlsUS4TsGxN+oLgwY3O1Ijo=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgbBQsKsiI8uaGMhGME8IBuWu5NJMmT2wcysGJaUNv6KjYUitn6CnX/jJNlCEw8MHM65hzv3+LHgShPybeXm5hcWl/LLhZXVtfUNe3OrpqJEUlalkYhkwwfFBA9ZVXMtWCOWDAJfsLrfvxz59XsmFY/COz2IWSuAbsg7nII2kmfvujcB64KXutcm1IZDMsQuxLGMHgqkdHLu2UVSImPgWeJkpIgyVDz7y21HNAlYqKkApZoOiXUrBak5FWxYcBPFYqB96LKmoSEETLXS8SFDvG+UNu5E0rxQ47H6O5FCoNQg8M1kALqnpr2R+J/XTHTnrJXyME40C+lkUScRWEd41Apuc8moFgNDgEpu/oppDyRQbbormBKc6ZNnSe2o5JCSc3tcLF9kdeTRDtpDB8hBp6iMrlAFVRFFj+gZvaI368l6sd6tj8lozsoy2+gPrM8fl42YYw==</latexit>

|1� ⌦0|  0.005
<latexit sha1_base64="dvyMdRbCTVPxcOATSHOQzRIkUpo=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBjSURRZdFN+6sYB/QhDCZ3rRDJw9nJkJpC278FTcuFHHrT7jzb5y0WWjrgcs9nHMvM/f4CWdSWda3UVhYXFpeKa6W1tY3NrfM7Z2GjFNBoU5jHouWTyRwFkFdMcWhlQggoc+h6fevMr/5AEKyOLpTgwTckHQjFjBKlJY8c29k42Ps3ITQJZ6FR9jhcI+timWdeWY56xnwPLFzUkY5ap755XRimoYQKcqJlG3bSpQ7JEIxymFcclIJCaF90oW2phEJQbrDyQ1jfKiVDg5ioStSeKL+3hiSUMpB6OvJkKienPUy8T+vnargwh2yKEkVRHT6UJByrGKcBYI7TABVfKAJoYLpv2LaI4JQpWMr6RDs2ZPnSeOkYlsV+/a0XL3M4yiifXSAjpCNzlEVXaMaqiOKHtEzekVvxpPxYrwbH9PRgpHv7KI/MD5/AMyelQo=</latexit><latexit sha1_base64="dvyMdRbCTVPxcOATSHOQzRIkUpo=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBjSURRZdFN+6sYB/QhDCZ3rRDJw9nJkJpC278FTcuFHHrT7jzb5y0WWjrgcs9nHMvM/f4CWdSWda3UVhYXFpeKa6W1tY3NrfM7Z2GjFNBoU5jHouWTyRwFkFdMcWhlQggoc+h6fevMr/5AEKyOLpTgwTckHQjFjBKlJY8c29k42Ps3ITQJZ6FR9jhcI+timWdeWY56xnwPLFzUkY5ap755XRimoYQKcqJlG3bSpQ7JEIxymFcclIJCaF90oW2phEJQbrDyQ1jfKiVDg5ioStSeKL+3hiSUMpB6OvJkKienPUy8T+vnargwh2yKEkVRHT6UJByrGKcBYI7TABVfKAJoYLpv2LaI4JQpWMr6RDs2ZPnSeOkYlsV+/a0XL3M4yiifXSAjpCNzlEVXaMaqiOKHtEzekVvxpPxYrwbH9PRgpHv7KI/MD5/AMyelQo=</latexit><latexit sha1_base64="dvyMdRbCTVPxcOATSHOQzRIkUpo=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBjSURRZdFN+6sYB/QhDCZ3rRDJw9nJkJpC278FTcuFHHrT7jzb5y0WWjrgcs9nHMvM/f4CWdSWda3UVhYXFpeKa6W1tY3NrfM7Z2GjFNBoU5jHouWTyRwFkFdMcWhlQggoc+h6fevMr/5AEKyOLpTgwTckHQjFjBKlJY8c29k42Ps3ITQJZ6FR9jhcI+timWdeWY56xnwPLFzUkY5ap755XRimoYQKcqJlG3bSpQ7JEIxymFcclIJCaF90oW2phEJQbrDyQ1jfKiVDg5ioStSeKL+3hiSUMpB6OvJkKienPUy8T+vnargwh2yKEkVRHT6UJByrGKcBYI7TABVfKAJoYLpv2LaI4JQpWMr6RDs2ZPnSeOkYlsV+/a0XL3M4yiifXSAjpCNzlEVXaMaqiOKHtEzekVvxpPxYrwbH9PRgpHv7KI/MD5/AMyelQo=</latexit><latexit sha1_base64="dvyMdRbCTVPxcOATSHOQzRIkUpo=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBjSURRZdFN+6sYB/QhDCZ3rRDJw9nJkJpC278FTcuFHHrT7jzb5y0WWjrgcs9nHMvM/f4CWdSWda3UVhYXFpeKa6W1tY3NrfM7Z2GjFNBoU5jHouWTyRwFkFdMcWhlQggoc+h6fevMr/5AEKyOLpTgwTckHQjFjBKlJY8c29k42Ps3ITQJZ6FR9jhcI+timWdeWY56xnwPLFzUkY5ap755XRimoYQKcqJlG3bSpQ7JEIxymFcclIJCaF90oW2phEJQbrDyQ1jfKiVDg5ioStSeKL+3hiSUMpB6OvJkKienPUy8T+vnargwh2yKEkVRHT6UJByrGKcBYI7TABVfKAJoYLpv2LaI4JQpWMr6RDs2ZPnSeOkYlsV+/a0XL3M4yiifXSAjpCNzlEVXaMaqiOKHtEzekVvxpPxYrwbH9PRgpHv7KI/MD5/AMyelQo=</latexit>

Ex: ~ Benchmark model

|1� ⌦(tf )|  2⇥ 10�54(N + 1)
<latexit sha1_base64="36gS+eOkDEsXwh2NSKV+frPHYdA=">AAACGHicbVDJSgNBEO1xd9yiHr00BiEixmlR9Bj04skFjAqZGHo6NUljz2J3jRAm+Qwv/ooXD4p49ebf2Ik5uD0oeLxXRVW9IFXSoOd9OCOjY+MTk1PT7szs3PxCYXHpwiSZFlAViUr0VcANKBlDFSUquEo18ChQcBncHPb9yzvQRibxOXZSqEe8FctQCo5WahS2uoxuUv8kghYvYSNc71LXV3DrblMfZQSGMu8639zd6dHS8QZbbxSKXtkbgP4lbEiKZIjTRuHdbyYiiyBGobgxNealWM+5RikU9Fw/M5ByccNbULM05nZnPR881qNrVmnSMNG2YqQD9ftEziNjOlFgOyOObfPb64v/ebUMw/16LuM0Q4jF16IwUxQT2k+JNqUGgapjCRda2lupaHPNBdosXRsC+/3yX3KxXWZemZ3tFCsHwzimyApZJSXCyB6pkCNySqpEkHvySJ7Ji/PgPDmvzttX64gznFkmP+C8fwIn8ZwQ</latexit><latexit sha1_base64="36gS+eOkDEsXwh2NSKV+frPHYdA=">AAACGHicbVDJSgNBEO1xd9yiHr00BiEixmlR9Bj04skFjAqZGHo6NUljz2J3jRAm+Qwv/ooXD4p49ebf2Ik5uD0oeLxXRVW9IFXSoOd9OCOjY+MTk1PT7szs3PxCYXHpwiSZFlAViUr0VcANKBlDFSUquEo18ChQcBncHPb9yzvQRibxOXZSqEe8FctQCo5WahS2uoxuUv8kghYvYSNc71LXV3DrblMfZQSGMu8639zd6dHS8QZbbxSKXtkbgP4lbEiKZIjTRuHdbyYiiyBGobgxNealWM+5RikU9Fw/M5ByccNbULM05nZnPR881qNrVmnSMNG2YqQD9ftEziNjOlFgOyOObfPb64v/ebUMw/16LuM0Q4jF16IwUxQT2k+JNqUGgapjCRda2lupaHPNBdosXRsC+/3yX3KxXWZemZ3tFCsHwzimyApZJSXCyB6pkCNySqpEkHvySJ7Ji/PgPDmvzttX64gznFkmP+C8fwIn8ZwQ</latexit><latexit sha1_base64="36gS+eOkDEsXwh2NSKV+frPHYdA=">AAACGHicbVDJSgNBEO1xd9yiHr00BiEixmlR9Bj04skFjAqZGHo6NUljz2J3jRAm+Qwv/ooXD4p49ebf2Ik5uD0oeLxXRVW9IFXSoOd9OCOjY+MTk1PT7szs3PxCYXHpwiSZFlAViUr0VcANKBlDFSUquEo18ChQcBncHPb9yzvQRibxOXZSqEe8FctQCo5WahS2uoxuUv8kghYvYSNc71LXV3DrblMfZQSGMu8639zd6dHS8QZbbxSKXtkbgP4lbEiKZIjTRuHdbyYiiyBGobgxNealWM+5RikU9Fw/M5ByccNbULM05nZnPR881qNrVmnSMNG2YqQD9ftEziNjOlFgOyOObfPb64v/ebUMw/16LuM0Q4jF16IwUxQT2k+JNqUGgapjCRda2lupaHPNBdosXRsC+/3yX3KxXWZemZ3tFCsHwzimyApZJSXCyB6pkCNySqpEkHvySJ7Ji/PgPDmvzttX64gznFkmP+C8fwIn8ZwQ</latexit><latexit sha1_base64="36gS+eOkDEsXwh2NSKV+frPHYdA=">AAACGHicbVDJSgNBEO1xd9yiHr00BiEixmlR9Bj04skFjAqZGHo6NUljz2J3jRAm+Qwv/ooXD4p49ebf2Ik5uD0oeLxXRVW9IFXSoOd9OCOjY+MTk1PT7szs3PxCYXHpwiSZFlAViUr0VcANKBlDFSUquEo18ChQcBncHPb9yzvQRibxOXZSqEe8FctQCo5WahS2uoxuUv8kghYvYSNc71LXV3DrblMfZQSGMu8639zd6dHS8QZbbxSKXtkbgP4lbEiKZIjTRuHdbyYiiyBGobgxNealWM+5RikU9Fw/M5ByccNbULM05nZnPR881qNrVmnSMNG2YqQD9ftEziNjOlFgOyOObfPb64v/ebUMw/16LuM0Q4jF16IwUxQT2k+JNqUGgapjCRda2lupaHPNBdosXRsC+/3yX3KxXWZemZ3tFCsHwzimyApZJSXCyB6pkCNySqpEkHvySJ7Ji/PgPDmvzttX64gznFkmP+C8fwIn8ZwQ</latexit>

Após a inflação, na era dominada por radiação e na era dominada pela matéria, esse 
desvio do parâmetro de densidade em relação a 1 continuará aumentando.

Quantidade que aplanamento imposta a 
partir das observações atuais
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10.4 A Solução via Inflação

Como a inflação resolve os problemas de 
planicidade, do horizonte e do monopolo?

1) Planicidade

|1� ⌦(tf )|  2⇥ 10�54(N + 1)
<latexit sha1_base64="36gS+eOkDEsXwh2NSKV+frPHYdA=">AAACGHicbVDJSgNBEO1xd9yiHr00BiEixmlR9Bj04skFjAqZGHo6NUljz2J3jRAm+Qwv/ooXD4p49ebf2Ik5uD0oeLxXRVW9IFXSoOd9OCOjY+MTk1PT7szs3PxCYXHpwiSZFlAViUr0VcANKBlDFSUquEo18ChQcBncHPb9yzvQRibxOXZSqEe8FctQCo5WahS2uoxuUv8kghYvYSNc71LXV3DrblMfZQSGMu8639zd6dHS8QZbbxSKXtkbgP4lbEiKZIjTRuHdbyYiiyBGobgxNealWM+5RikU9Fw/M5ByccNbULM05nZnPR881qNrVmnSMNG2YqQD9ftEziNjOlFgOyOObfPb64v/ebUMw/16LuM0Q4jF16IwUxQT2k+JNqUGgapjCRda2lupaHPNBdosXRsC+/3yX3KxXWZemZ3tFCsHwzimyApZJSXCyB6pkCNySqpEkHvySJ7Ji/PgPDmvzttX64gznFkmP+C8fwIn8ZwQ</latexit><latexit sha1_base64="36gS+eOkDEsXwh2NSKV+frPHYdA=">AAACGHicbVDJSgNBEO1xd9yiHr00BiEixmlR9Bj04skFjAqZGHo6NUljz2J3jRAm+Qwv/ooXD4p49ebf2Ik5uD0oeLxXRVW9IFXSoOd9OCOjY+MTk1PT7szs3PxCYXHpwiSZFlAViUr0VcANKBlDFSUquEo18ChQcBncHPb9yzvQRibxOXZSqEe8FctQCo5WahS2uoxuUv8kghYvYSNc71LXV3DrblMfZQSGMu8639zd6dHS8QZbbxSKXtkbgP4lbEiKZIjTRuHdbyYiiyBGobgxNealWM+5RikU9Fw/M5ByccNbULM05nZnPR881qNrVmnSMNG2YqQD9ftEziNjOlFgOyOObfPb64v/ebUMw/16LuM0Q4jF16IwUxQT2k+JNqUGgapjCRda2lupaHPNBdosXRsC+/3yX3KxXWZemZ3tFCsHwzimyApZJSXCyB6pkCNySqpEkHvySJ7Ji/PgPDmvzttX64gznFkmP+C8fwIn8ZwQ</latexit><latexit sha1_base64="36gS+eOkDEsXwh2NSKV+frPHYdA=">AAACGHicbVDJSgNBEO1xd9yiHr00BiEixmlR9Bj04skFjAqZGHo6NUljz2J3jRAm+Qwv/ooXD4p49ebf2Ik5uD0oeLxXRVW9IFXSoOd9OCOjY+MTk1PT7szs3PxCYXHpwiSZFlAViUr0VcANKBlDFSUquEo18ChQcBncHPb9yzvQRibxOXZSqEe8FctQCo5WahS2uoxuUv8kghYvYSNc71LXV3DrblMfZQSGMu8639zd6dHS8QZbbxSKXtkbgP4lbEiKZIjTRuHdbyYiiyBGobgxNealWM+5RikU9Fw/M5ByccNbULM05nZnPR881qNrVmnSMNG2YqQD9ftEziNjOlFgOyOObfPb64v/ebUMw/16LuM0Q4jF16IwUxQT2k+JNqUGgapjCRda2lupaHPNBdosXRsC+/3yX3KxXWZemZ3tFCsHwzimyApZJSXCyB6pkCNySqpEkHvySJ7Ji/PgPDmvzttX64gznFkmP+C8fwIn8ZwQ</latexit><latexit sha1_base64="36gS+eOkDEsXwh2NSKV+frPHYdA=">AAACGHicbVDJSgNBEO1xd9yiHr00BiEixmlR9Bj04skFjAqZGHo6NUljz2J3jRAm+Qwv/ooXD4p49ebf2Ik5uD0oeLxXRVW9IFXSoOd9OCOjY+MTk1PT7szs3PxCYXHpwiSZFlAViUr0VcANKBlDFSUquEo18ChQcBncHPb9yzvQRibxOXZSqEe8FctQCo5WahS2uoxuUv8kghYvYSNc71LXV3DrblMfZQSGMu8639zd6dHS8QZbbxSKXtkbgP4lbEiKZIjTRuHdbyYiiyBGobgxNealWM+5RikU9Fw/M5ByccNbULM05nZnPR881qNrVmnSMNG2YqQD9ftEziNjOlFgOyOObfPb64v/ebUMw/16LuM0Q4jF16IwUxQT2k+JNqUGgapjCRda2lupaHPNBdosXRsC+/3yX3KxXWZemZ3tFCsHwzimyApZJSXCyB6pkCNySqpEkHvySJ7Ji/PgPDmvzttX64gznFkmP+C8fwIn8ZwQ</latexit>

Quantidade de aplanamento imposta a 
partir das observações atuais

|1� ⌦(tf )| ⇠ exp(�2N)

<latexit sha1_base64="CkU99lO8b4UY/+M5ADL21vwuIJU=">AAACC3icbVC7TgJBFJ31ifhCLW0mEBMoILvEREuijZViIo+EJWR2uAsTZnY3M7NGAvQ2/oqNhcbY+gN2/o0DbKHgSe7NyTn3ZuYeL+JMadv+tlZW19Y3NlNb6e2d3b39zMFhXYWxpFCjIQ9l0yMKOAugppnm0IwkEOFxaHiDy6nfuAepWBjc6WEEbUF6AfMZJdpInUx27OAidm8E9Ehed/zCGKddxYTp8BDli+XrQieTs0v2DHiZOAnJoQTVTubL7YY0FhBoyolSLceOdHtEpGaUwyTtxgoiQgekBy1DAyJAtUezWyb4xChd7IfSVKDxTP29MSJCqaHwzKQguq8Wvan4n9eKtX/eHrEgijUEdP6QH3OsQzwNBneZBKr50BBCJTN/xbRPJKHaxJc2ITiLJy+Ternk2CXn9jRXuUjiSKFjlEV55KAzVEFXqIpqiKJH9Ixe0Zv1ZL1Y79bHfHTFSnaO0B9Ynz9JeZgE</latexit><latexit sha1_base64="CkU99lO8b4UY/+M5ADL21vwuIJU=">AAACC3icbVC7TgJBFJ31ifhCLW0mEBMoILvEREuijZViIo+EJWR2uAsTZnY3M7NGAvQ2/oqNhcbY+gN2/o0DbKHgSe7NyTn3ZuYeL+JMadv+tlZW19Y3NlNb6e2d3b39zMFhXYWxpFCjIQ9l0yMKOAugppnm0IwkEOFxaHiDy6nfuAepWBjc6WEEbUF6AfMZJdpInUx27OAidm8E9Ehed/zCGKddxYTp8BDli+XrQieTs0v2DHiZOAnJoQTVTubL7YY0FhBoyolSLceOdHtEpGaUwyTtxgoiQgekBy1DAyJAtUezWyb4xChd7IfSVKDxTP29MSJCqaHwzKQguq8Wvan4n9eKtX/eHrEgijUEdP6QH3OsQzwNBneZBKr50BBCJTN/xbRPJKHaxJc2ITiLJy+Ternk2CXn9jRXuUjiSKFjlEV55KAzVEFXqIpqiKJH9Ixe0Zv1ZL1Y79bHfHTFSnaO0B9Ynz9JeZgE</latexit><latexit sha1_base64="CkU99lO8b4UY/+M5ADL21vwuIJU=">AAACC3icbVC7TgJBFJ31ifhCLW0mEBMoILvEREuijZViIo+EJWR2uAsTZnY3M7NGAvQ2/oqNhcbY+gN2/o0DbKHgSe7NyTn3ZuYeL+JMadv+tlZW19Y3NlNb6e2d3b39zMFhXYWxpFCjIQ9l0yMKOAugppnm0IwkEOFxaHiDy6nfuAepWBjc6WEEbUF6AfMZJdpInUx27OAidm8E9Ehed/zCGKddxYTp8BDli+XrQieTs0v2DHiZOAnJoQTVTubL7YY0FhBoyolSLceOdHtEpGaUwyTtxgoiQgekBy1DAyJAtUezWyb4xChd7IfSVKDxTP29MSJCqaHwzKQguq8Wvan4n9eKtX/eHrEgijUEdP6QH3OsQzwNBneZBKr50BBCJTN/xbRPJKHaxJc2ITiLJy+Ternk2CXn9jRXuUjiSKFjlEV55KAzVEFXqIpqiKJH9Ixe0Zv1ZL1Y79bHfHTFSnaO0B9Ynz9JeZgE</latexit><latexit sha1_base64="CkU99lO8b4UY/+M5ADL21vwuIJU=">AAACC3icbVC7TgJBFJ31ifhCLW0mEBMoILvEREuijZViIo+EJWR2uAsTZnY3M7NGAvQ2/oqNhcbY+gN2/o0DbKHgSe7NyTn3ZuYeL+JMadv+tlZW19Y3NlNb6e2d3b39zMFhXYWxpFCjIQ9l0yMKOAugppnm0IwkEOFxaHiDy6nfuAepWBjc6WEEbUF6AfMZJdpInUx27OAidm8E9Ehed/zCGKddxYTp8BDli+XrQieTs0v2DHiZOAnJoQTVTubL7YY0FhBoyolSLceOdHtEpGaUwyTtxgoiQgekBy1DAyJAtUezWyb4xChd7IfSVKDxTP29MSJCqaHwzKQguq8Wvan4n9eKtX/eHrEgijUEdP6QH3OsQzwNBneZBKr50BBCJTN/xbRPJKHaxJc2ITiLJy+Ternk2CXn9jRXuUjiSKFjlEV55KAzVEFXqIpqiKJH9Ixe0Zv1ZL1Y79bHfHTFSnaO0B9Ynz9JeZgE</latexit>

Quantidade de aplanamento 
causada pela inflação.

N ⇡ 60
<latexit sha1_base64="SWREkU5pen5lKPeh/lgV1muInIQ=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FL56kgv2A7lKyadqGZpOQZMWy9G948aCIV/+MN/+NabsHbX0w8Hhvhpl5seLMWN//9gorq2vrG8XN0tb2zu5eef+gaWSqCW0QyaVux9hQzgRtWGY5bStNcRJz2opHN1O/9Ui1YVI82LGiUYIHgvUZwdZJ4R0KsVJaPqELv1uu+FV/BrRMgpxUIEe9W/4Ke5KkCRWWcGxMJ/CVjTKsLSOcTkphaqjCZIQHtOOowAk1UTa7eYJOnNJDfaldCYtm6u+JDCfGjJPYdSbYDs2iNxX/8zqp7V9FGRMqtVSQ+aJ+ypGVaBoA6jFNieVjRzDRzN2KyBBrTKyLqeRCCBZfXibNs2rgV4P780rtOo+jCEdwDKcQwCXU4Bbq0AACCp7hFd681Hvx3r2PeWvBy2cO4Q+8zx/MBpDc</latexit><latexit sha1_base64="SWREkU5pen5lKPeh/lgV1muInIQ=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FL56kgv2A7lKyadqGZpOQZMWy9G948aCIV/+MN/+NabsHbX0w8Hhvhpl5seLMWN//9gorq2vrG8XN0tb2zu5eef+gaWSqCW0QyaVux9hQzgRtWGY5bStNcRJz2opHN1O/9Ui1YVI82LGiUYIHgvUZwdZJ4R0KsVJaPqELv1uu+FV/BrRMgpxUIEe9W/4Ke5KkCRWWcGxMJ/CVjTKsLSOcTkphaqjCZIQHtOOowAk1UTa7eYJOnNJDfaldCYtm6u+JDCfGjJPYdSbYDs2iNxX/8zqp7V9FGRMqtVSQ+aJ+ypGVaBoA6jFNieVjRzDRzN2KyBBrTKyLqeRCCBZfXibNs2rgV4P780rtOo+jCEdwDKcQwCXU4Bbq0AACCp7hFd681Hvx3r2PeWvBy2cO4Q+8zx/MBpDc</latexit><latexit sha1_base64="SWREkU5pen5lKPeh/lgV1muInIQ=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FL56kgv2A7lKyadqGZpOQZMWy9G948aCIV/+MN/+NabsHbX0w8Hhvhpl5seLMWN//9gorq2vrG8XN0tb2zu5eef+gaWSqCW0QyaVux9hQzgRtWGY5bStNcRJz2opHN1O/9Ui1YVI82LGiUYIHgvUZwdZJ4R0KsVJaPqELv1uu+FV/BrRMgpxUIEe9W/4Ke5KkCRWWcGxMJ/CVjTKsLSOcTkphaqjCZIQHtOOowAk1UTa7eYJOnNJDfaldCYtm6u+JDCfGjJPYdSbYDs2iNxX/8zqp7V9FGRMqtVSQ+aJ+ypGVaBoA6jFNieVjRzDRzN2KyBBrTKyLqeRCCBZfXibNs2rgV4P780rtOo+jCEdwDKcQwCXU4Bbq0AACCp7hFd681Hvx3r2PeWvBy2cO4Q+8zx/MBpDc</latexit><latexit sha1_base64="SWREkU5pen5lKPeh/lgV1muInIQ=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FL56kgv2A7lKyadqGZpOQZMWy9G948aCIV/+MN/+NabsHbX0w8Hhvhpl5seLMWN//9gorq2vrG8XN0tb2zu5eef+gaWSqCW0QyaVux9hQzgRtWGY5bStNcRJz2opHN1O/9Ui1YVI82LGiUYIHgvUZwdZJ4R0KsVJaPqELv1uu+FV/BrRMgpxUIEe9W/4Ke5KkCRWWcGxMJ/CVjTKsLSOcTkphaqjCZIQHtOOowAk1UTa7eYJOnNJDfaldCYtm6u+JDCfGjJPYdSbYDs2iNxX/8zqp7V9FGRMqtVSQ+aJ+ypGVaBoA6jFNieVjRzDRzN2KyBBrTKyLqeRCCBZfXibNs2rgV4P780rtOo+jCEdwDKcQwCXU4Bbq0AACCp7hFd681Hvx3r2PeWvBy2cO4Q+8zx/MBpDc</latexit>

a(tf )

a(ti)
⇠ exp(60) ⇠ 10
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<latexit sha1_base64="u4sooe1K5VegjMZ+QXCSPiFhTS4=">AAACGXicbVC7TsMwFHV4lvAKMLJYVEjtUjkVKowVLIxFog+pCZHjOq1V5yHbQVRRf4OFX2FhACFGmPgbnDYDtBzJ0rnn3Kvre/yEM6kQ+jZWVtfWNzZLW+b2zu7evnVw2JFxKghtk5jHoudjSTmLaFsxxWkvERSHPqddf3yV+917KiSLo1s1Sagb4mHEAkaw0pJnoQxXlBdUoRPrNpgXrDo1HclC06EPSaWBtKcraKO7rN6YelYZ1dAMcJnYBSmDAi3P+nQGMUlDGinCsZR9GyXKzbBQjHCqV6WSJpiM8ZD2NY1wSKWbzS6bwlOtDGAQC/0iBWfq74kMh1JOQl93hliN5KKXi/95/VQFF27GoiRVNCLzRUHKoYphHhMcMEGJ4hNNMBFM/xWSERaYKB2mqUOwF09eJp16zUY1++as3Lws4iiBY3ACKsAG56AJrkELtAEBj+AZvII348l4Md6Nj3nrilHMHIE/ML5+ABQ+ndE=</latexit><latexit sha1_base64="u4sooe1K5VegjMZ+QXCSPiFhTS4=">AAACGXicbVC7TsMwFHV4lvAKMLJYVEjtUjkVKowVLIxFog+pCZHjOq1V5yHbQVRRf4OFX2FhACFGmPgbnDYDtBzJ0rnn3Kvre/yEM6kQ+jZWVtfWNzZLW+b2zu7evnVw2JFxKghtk5jHoudjSTmLaFsxxWkvERSHPqddf3yV+917KiSLo1s1Sagb4mHEAkaw0pJnoQxXlBdUoRPrNpgXrDo1HclC06EPSaWBtKcraKO7rN6YelYZ1dAMcJnYBSmDAi3P+nQGMUlDGinCsZR9GyXKzbBQjHCqV6WSJpiM8ZD2NY1wSKWbzS6bwlOtDGAQC/0iBWfq74kMh1JOQl93hliN5KKXi/95/VQFF27GoiRVNCLzRUHKoYphHhMcMEGJ4hNNMBFM/xWSERaYKB2mqUOwF09eJp16zUY1++as3Lws4iiBY3ACKsAG56AJrkELtAEBj+AZvII348l4Md6Nj3nrilHMHIE/ML5+ABQ+ndE=</latexit><latexit sha1_base64="u4sooe1K5VegjMZ+QXCSPiFhTS4=">AAACGXicbVC7TsMwFHV4lvAKMLJYVEjtUjkVKowVLIxFog+pCZHjOq1V5yHbQVRRf4OFX2FhACFGmPgbnDYDtBzJ0rnn3Kvre/yEM6kQ+jZWVtfWNzZLW+b2zu7evnVw2JFxKghtk5jHoudjSTmLaFsxxWkvERSHPqddf3yV+917KiSLo1s1Sagb4mHEAkaw0pJnoQxXlBdUoRPrNpgXrDo1HclC06EPSaWBtKcraKO7rN6YelYZ1dAMcJnYBSmDAi3P+nQGMUlDGinCsZR9GyXKzbBQjHCqV6WSJpiM8ZD2NY1wSKWbzS6bwlOtDGAQC/0iBWfq74kMh1JOQl93hliN5KKXi/95/VQFF27GoiRVNCLzRUHKoYphHhMcMEGJ4hNNMBFM/xWSERaYKB2mqUOwF09eJp16zUY1++as3Lws4iiBY3ACKsAG56AJrkELtAEBj+AZvII348l4Md6Nj3nrilHMHIE/ML5+ABQ+ndE=</latexit><latexit sha1_base64="u4sooe1K5VegjMZ+QXCSPiFhTS4=">AAACGXicbVC7TsMwFHV4lvAKMLJYVEjtUjkVKowVLIxFog+pCZHjOq1V5yHbQVRRf4OFX2FhACFGmPgbnDYDtBzJ0rnn3Kvre/yEM6kQ+jZWVtfWNzZLW+b2zu7evnVw2JFxKghtk5jHoudjSTmLaFsxxWkvERSHPqddf3yV+917KiSLo1s1Sagb4mHEAkaw0pJnoQxXlBdUoRPrNpgXrDo1HclC06EPSaWBtKcraKO7rN6YelYZ1dAMcJnYBSmDAi3P+nQGMUlDGinCsZR9GyXKzbBQjHCqV6WSJpiM8ZD2NY1wSKWbzS6bwlOtDGAQC/0iBWfq74kMh1JOQl93hliN5KKXi/95/VQFF27GoiRVNCLzRUHKoYphHhMcMEGJ4hNNMBFM/xWSERaYKB2mqUOwF09eJp16zUY1++as3Lws4iiBY3ACKsAG56AJrkELtAEBj+AZvII348l4Md6Nj3nrilHMHIE/ML5+ABQ+ndE=</latexit>

(Pode ser bem maior).
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10.4 A Solução via Inflação

Como a inflação resolve os problemas de 
planicidade, do horizonte e do monopolo?

2) Horizonte

d
hor

(t) = a(t)c

Z t

0

dt

a(t)
<latexit sha1_base64="kWgcK92UJ6DgCTdRXePEEN9QzV8=">AAACHHicbVDLSsQwFE19W1+jLt0EB0E3Q6uCboRBNy4VnBlhWkuaZpxgmpTkVhjKfIgbf8WNC0XcuBD8G9OZLnT0QMjhnHtvck+cCW7A876cqemZ2bn5hUV3aXllda22vtE2KteUtagSSl/HxDDBJWsBB8GuM81IGgvWie/OSr9zz7ThSl7BIGNhSm4l73FKwEpR7SCJikCnuK/0EO/CHj7BLilvit2AS4i8G3CLBHCg7BhcWsOoVvca3gj4L/ErUkcVLqLaR5AomqdMAhXEmK7vZRAWRAOngg3dIDcsI/SO3LKupZKkzITFaLkh3rFKgntK2yMBj9SfHQVJjRmksa1MCfTNpFeK/3ndHHrHYcFllgOTdPxQLxcYFC6TwgnXjIIYWEKo5vavmPaJJhRsnq4NwZ9c+S9p7zd8r+FfHtabp1UcC2gLbaNd5KMj1ETn6AK1EEUP6Am9oFfn0Xl23pz3cemUU/Vsol9wPr8Btzyepw==</latexit><latexit sha1_base64="kWgcK92UJ6DgCTdRXePEEN9QzV8=">AAACHHicbVDLSsQwFE19W1+jLt0EB0E3Q6uCboRBNy4VnBlhWkuaZpxgmpTkVhjKfIgbf8WNC0XcuBD8G9OZLnT0QMjhnHtvck+cCW7A876cqemZ2bn5hUV3aXllda22vtE2KteUtagSSl/HxDDBJWsBB8GuM81IGgvWie/OSr9zz7ThSl7BIGNhSm4l73FKwEpR7SCJikCnuK/0EO/CHj7BLilvit2AS4i8G3CLBHCg7BhcWsOoVvca3gj4L/ErUkcVLqLaR5AomqdMAhXEmK7vZRAWRAOngg3dIDcsI/SO3LKupZKkzITFaLkh3rFKgntK2yMBj9SfHQVJjRmksa1MCfTNpFeK/3ndHHrHYcFllgOTdPxQLxcYFC6TwgnXjIIYWEKo5vavmPaJJhRsnq4NwZ9c+S9p7zd8r+FfHtabp1UcC2gLbaNd5KMj1ETn6AK1EEUP6Am9oFfn0Xl23pz3cemUU/Vsol9wPr8Btzyepw==</latexit><latexit sha1_base64="kWgcK92UJ6DgCTdRXePEEN9QzV8=">AAACHHicbVDLSsQwFE19W1+jLt0EB0E3Q6uCboRBNy4VnBlhWkuaZpxgmpTkVhjKfIgbf8WNC0XcuBD8G9OZLnT0QMjhnHtvck+cCW7A876cqemZ2bn5hUV3aXllda22vtE2KteUtagSSl/HxDDBJWsBB8GuM81IGgvWie/OSr9zz7ThSl7BIGNhSm4l73FKwEpR7SCJikCnuK/0EO/CHj7BLilvit2AS4i8G3CLBHCg7BhcWsOoVvca3gj4L/ErUkcVLqLaR5AomqdMAhXEmK7vZRAWRAOngg3dIDcsI/SO3LKupZKkzITFaLkh3rFKgntK2yMBj9SfHQVJjRmksa1MCfTNpFeK/3ndHHrHYcFllgOTdPxQLxcYFC6TwgnXjIIYWEKo5vavmPaJJhRsnq4NwZ9c+S9p7zd8r+FfHtabp1UcC2gLbaNd5KMj1ETn6AK1EEUP6Am9oFfn0Xl23pz3cemUU/Vsol9wPr8Btzyepw==</latexit><latexit sha1_base64="kWgcK92UJ6DgCTdRXePEEN9QzV8=">AAACHHicbVDLSsQwFE19W1+jLt0EB0E3Q6uCboRBNy4VnBlhWkuaZpxgmpTkVhjKfIgbf8WNC0XcuBD8G9OZLnT0QMjhnHtvck+cCW7A876cqemZ2bn5hUV3aXllda22vtE2KteUtagSSl/HxDDBJWsBB8GuM81IGgvWie/OSr9zz7ThSl7BIGNhSm4l73FKwEpR7SCJikCnuK/0EO/CHj7BLilvit2AS4i8G3CLBHCg7BhcWsOoVvca3gj4L/ErUkcVLqLaR5AomqdMAhXEmK7vZRAWRAOngg3dIDcsI/SO3LKupZKkzITFaLkh3rFKgntK2yMBj9SfHQVJjRmksa1MCfTNpFeK/3ndHHrHYcFllgOTdPxQLxcYFC6TwgnXjIIYWEKo5vavmPaJJhRsnq4NwZ9c+S9p7zd8r+FfHtabp1UcC2gLbaNd5KMj1ETn6AK1EEUP6Am9oFfn0Xl23pz3cemUU/Vsol9wPr8Btzyepw==</latexit>

d
hor

(ti) = aic

Z ti

0

dt

ai(t/ti)1/2
= 2cti

<latexit sha1_base64="rY/Xm1aCkNSWbNvQIQh+hbox9Zw="></latexit><latexit sha1_base64="rY/Xm1aCkNSWbNvQIQh+hbox9Zw="></latexit><latexit sha1_base64="rY/Xm1aCkNSWbNvQIQh+hbox9Zw="></latexit><latexit sha1_base64="rY/Xm1aCkNSWbNvQIQh+hbox9Zw="></latexit>

Distância ao horizonte antes 
do início da inflação 
(dominância da radiação).

d
hor

(tf ) = aie
Nc

✓Z ti

0

dt

ai(t/ti)1/2
+

Z tf

ti

dt

ai exp[Hi

(t� ti)]

◆

<latexit sha1_base64="1i79gJJiXp7cg745k6lTo1j69A4="></latexit><latexit sha1_base64="1i79gJJiXp7cg745k6lTo1j69A4="></latexit><latexit sha1_base64="1i79gJJiXp7cg745k6lTo1j69A4="></latexit><latexit sha1_base64="1i79gJJiXp7cg745k6lTo1j69A4="></latexit>

Distância ao horizonte ao final da inflação:

a(tf )

a(ti)
= eN (ti < t < tf )

<latexit sha1_base64="7CdvQTrQ0ptYTF94+gxtLh/qIFI=">AAACF3icbVDLSgMxFM3UVx1fVZdugkVoN2VGBF1UKLpxJRXsA9qxZNJMG5p5kNwRylC/wo2/4saFIm5159+YaWehrQcCJ+ecS3KPGwmuwLK+jdzS8srqWn7d3Njc2t4p7O41VRhLyho0FKFsu0QxwQPWAA6CtSPJiO8K1nJHl6nfumdS8TC4hXHEHJ8MAu5xSkBLvUIlISXoeWXcDXUMpxdenuBzzO6uzQeNVKhCdZoxzV6haFWsKfAisTNSRBnqvcJXtx/S2GcBUEGU6thWBE5CJHAq2MTsxopFhI7IgHU0DYjPlJNM95rgI630sRdKfQLAU/X3REJ8pca+q5M+gaGa91LxP68Tg3fmJDyIYmABnT3kxQJDiNOScJ9LRkGMNSFUcv1XTIdEEgq6yrQEe37lRdI8rthWxb45KdYusjry6AAdohKy0SmqoStURw1E0SN6Rq/ozXgyXox342MWzRnZzD76A+PzB7LynRY=</latexit><latexit sha1_base64="7CdvQTrQ0ptYTF94+gxtLh/qIFI=">AAACF3icbVDLSgMxFM3UVx1fVZdugkVoN2VGBF1UKLpxJRXsA9qxZNJMG5p5kNwRylC/wo2/4saFIm5159+YaWehrQcCJ+ecS3KPGwmuwLK+jdzS8srqWn7d3Njc2t4p7O41VRhLyho0FKFsu0QxwQPWAA6CtSPJiO8K1nJHl6nfumdS8TC4hXHEHJ8MAu5xSkBLvUIlISXoeWXcDXUMpxdenuBzzO6uzQeNVKhCdZoxzV6haFWsKfAisTNSRBnqvcJXtx/S2GcBUEGU6thWBE5CJHAq2MTsxopFhI7IgHU0DYjPlJNM95rgI630sRdKfQLAU/X3REJ8pca+q5M+gaGa91LxP68Tg3fmJDyIYmABnT3kxQJDiNOScJ9LRkGMNSFUcv1XTIdEEgq6yrQEe37lRdI8rthWxb45KdYusjry6AAdohKy0SmqoStURw1E0SN6Rq/ozXgyXox342MWzRnZzD76A+PzB7LynRY=</latexit><latexit sha1_base64="7CdvQTrQ0ptYTF94+gxtLh/qIFI=">AAACF3icbVDLSgMxFM3UVx1fVZdugkVoN2VGBF1UKLpxJRXsA9qxZNJMG5p5kNwRylC/wo2/4saFIm5159+YaWehrQcCJ+ecS3KPGwmuwLK+jdzS8srqWn7d3Njc2t4p7O41VRhLyho0FKFsu0QxwQPWAA6CtSPJiO8K1nJHl6nfumdS8TC4hXHEHJ8MAu5xSkBLvUIlISXoeWXcDXUMpxdenuBzzO6uzQeNVKhCdZoxzV6haFWsKfAisTNSRBnqvcJXtx/S2GcBUEGU6thWBE5CJHAq2MTsxopFhI7IgHU0DYjPlJNM95rgI630sRdKfQLAU/X3REJ8pca+q5M+gaGa91LxP68Tg3fmJDyIYmABnT3kxQJDiNOScJ9LRkGMNSFUcv1XTIdEEgq6yrQEe37lRdI8rthWxb45KdYusjry6AAdohKy0SmqoStURw1E0SN6Rq/ozXgyXox342MWzRnZzD76A+PzB7LynRY=</latexit><latexit sha1_base64="7CdvQTrQ0ptYTF94+gxtLh/qIFI=">AAACF3icbVDLSgMxFM3UVx1fVZdugkVoN2VGBF1UKLpxJRXsA9qxZNJMG5p5kNwRylC/wo2/4saFIm5159+YaWehrQcCJ+ecS3KPGwmuwLK+jdzS8srqWn7d3Njc2t4p7O41VRhLyho0FKFsu0QxwQPWAA6CtSPJiO8K1nJHl6nfumdS8TC4hXHEHJ8MAu5xSkBLvUIlISXoeWXcDXUMpxdenuBzzO6uzQeNVKhCdZoxzV6haFWsKfAisTNSRBnqvcJXtx/S2GcBUEGU6thWBE5CJHAq2MTsxopFhI7IgHU0DYjPlJNM95rgI630sRdKfQLAU/X3REJ8pca+q5M+gaGa91LxP68Tg3fmJDyIYmABnT3kxQJDiNOScJ9LRkGMNSFUcv1XTIdEEgq6yrQEe37lRdI8rthWxb45KdYusjry6AAdohKy0SmqoStURw1E0SN6Rq/ozXgyXox342MWzRnZzD76A+PzB7LynRY=</latexit>
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10.4 A Solução via Inflação

Como a inflação resolve os problemas de 
planicidade, do horizonte e do monopolo?

2) Horizonte

Distância ao horizonte cresce 
exponencialmente

d
hor

(tf ) = aie
Nc

✓Z ti

0

dt

ai(t/ti)1/2
+

Z tf

ti

dt

ai exp[Hi

(t� ti)]

◆

<latexit sha1_base64="1i79gJJiXp7cg745k6lTo1j69A4="></latexit><latexit sha1_base64="1i79gJJiXp7cg745k6lTo1j69A4="></latexit><latexit sha1_base64="1i79gJJiXp7cg745k6lTo1j69A4="></latexit><latexit sha1_base64="1i79gJJiXp7cg745k6lTo1j69A4="></latexit>

d
hor

(tf ) = eNc(2ti +H�1

i )
<latexit sha1_base64="foC8iyDKemWoB+GRJuv1faP2Do0=">AAACFHicbVDJSgNBEO1xjeM26tFLYxASgmEmCHoRgl5ykghmgSxDT6cnadKz0F0jhCEf4cVf8eJBEa8evPk3dpaDJj4oeLxXRVU9LxZcgW1/Gyura+sbm5ktc3tnd2/fOjisqyiRlNVoJCLZ9IhigoesBhwEa8aSkcATrOENbyZ+44FJxaPwHkYx6wSkH3KfUwJacq1Cz03bMsCDSI5z4Pp5fIVN1r2lZq6EweW4gCsu76ZnzjjvWlm7aE+Bl4kzJ1k0R9W1vtq9iCYBC4EKolTLsWPopEQCp4KNzXaiWEzokPRZS9OQBEx10ulTY3yqlR72I6krBDxVf0+kJFBqFHi6MyAwUIveRPzPayXgX3ZSHsYJsJDOFvmJwBDhSUK4xyWjIEaaECq5vhXTAZGEgs7R1CE4iy8vk3qp6NhF5+48W76ex5FBx+gE5ZCDLlAZVVAV1RBFj+gZvaI348l4Md6Nj1nrijGfOUJ/YHz+AJEfm1U=</latexit><latexit sha1_base64="foC8iyDKemWoB+GRJuv1faP2Do0=">AAACFHicbVDJSgNBEO1xjeM26tFLYxASgmEmCHoRgl5ykghmgSxDT6cnadKz0F0jhCEf4cVf8eJBEa8evPk3dpaDJj4oeLxXRVU9LxZcgW1/Gyura+sbm5ktc3tnd2/fOjisqyiRlNVoJCLZ9IhigoesBhwEa8aSkcATrOENbyZ+44FJxaPwHkYx6wSkH3KfUwJacq1Cz03bMsCDSI5z4Pp5fIVN1r2lZq6EweW4gCsu76ZnzjjvWlm7aE+Bl4kzJ1k0R9W1vtq9iCYBC4EKolTLsWPopEQCp4KNzXaiWEzokPRZS9OQBEx10ulTY3yqlR72I6krBDxVf0+kJFBqFHi6MyAwUIveRPzPayXgX3ZSHsYJsJDOFvmJwBDhSUK4xyWjIEaaECq5vhXTAZGEgs7R1CE4iy8vk3qp6NhF5+48W76ex5FBx+gE5ZCDLlAZVVAV1RBFj+gZvaI348l4Md6Nj1nrijGfOUJ/YHz+AJEfm1U=</latexit><latexit sha1_base64="foC8iyDKemWoB+GRJuv1faP2Do0=">AAACFHicbVDJSgNBEO1xjeM26tFLYxASgmEmCHoRgl5ykghmgSxDT6cnadKz0F0jhCEf4cVf8eJBEa8evPk3dpaDJj4oeLxXRVU9LxZcgW1/Gyura+sbm5ktc3tnd2/fOjisqyiRlNVoJCLZ9IhigoesBhwEa8aSkcATrOENbyZ+44FJxaPwHkYx6wSkH3KfUwJacq1Cz03bMsCDSI5z4Pp5fIVN1r2lZq6EweW4gCsu76ZnzjjvWlm7aE+Bl4kzJ1k0R9W1vtq9iCYBC4EKolTLsWPopEQCp4KNzXaiWEzokPRZS9OQBEx10ulTY3yqlR72I6krBDxVf0+kJFBqFHi6MyAwUIveRPzPayXgX3ZSHsYJsJDOFvmJwBDhSUK4xyWjIEaaECq5vhXTAZGEgs7R1CE4iy8vk3qp6NhF5+48W76ex5FBx+gE5ZCDLlAZVVAV1RBFj+gZvaI348l4Md6Nj1nrijGfOUJ/YHz+AJEfm1U=</latexit><latexit sha1_base64="foC8iyDKemWoB+GRJuv1faP2Do0=">AAACFHicbVDJSgNBEO1xjeM26tFLYxASgmEmCHoRgl5ykghmgSxDT6cnadKz0F0jhCEf4cVf8eJBEa8evPk3dpaDJj4oeLxXRVU9LxZcgW1/Gyura+sbm5ktc3tnd2/fOjisqyiRlNVoJCLZ9IhigoesBhwEa8aSkcATrOENbyZ+44FJxaPwHkYx6wSkH3KfUwJacq1Cz03bMsCDSI5z4Pp5fIVN1r2lZq6EweW4gCsu76ZnzjjvWlm7aE+Bl4kzJ1k0R9W1vtq9iCYBC4EKolTLsWPopEQCp4KNzXaiWEzokPRZS9OQBEx10ulTY3yqlR72I6krBDxVf0+kJFBqFHi6MyAwUIveRPzPayXgX3ZSHsYJsJDOFvmJwBDhSUK4xyWjIEaaECq5vhXTAZGEgs7R1CE4iy8vk3qp6NhF5+48W76ex5FBx+gE5ZCDLlAZVVAV1RBFj+gZvaI348l4Md6Nj1nrijGfOUJ/YHz+AJEfm1U=</latexit>

ti ⇡ 10�36 s
<latexit sha1_base64="PnPKtGq3xCJqT978+2L21j/rILM=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgxpKoqMuiG5cV7APaGCbTSTt0MhNmJmIJceXGX3HjQhG3/oI7/8Zpm4W2HrhwOOde7r0niBlV2nG+rcLc/MLiUnG5tLK6tr5hb241lEgkJnUsmJCtACnCKCd1TTUjrVgSFAWMNIPB5chv3hGpqOA3ehgTL0I9TkOKkTaSb+9qn8IOimMp7qHr3KaHx6cZfIBpR0ZQZb5ddirOGHCWuDkpgxw13/7qdAVOIsI1ZkiptuvE2kuR1BQzkpU6iSIxwgPUI21DOYqI8tLxHxncN0oXhkKa4hqO1d8TKYqUGkaB6YyQ7qtpbyT+57UTHZ57KeVxognHk0VhwqAWcBQK7FJJsGZDQxCW1NwKcR9JhLWJrmRCcKdfniWNo4rrVNzrk3L1Io+jCHbAHjgALjgDVXAFaqAOMHgEz+AVvFlP1ov1bn1MWgtWPrMN/sD6/AH/Ipga</latexit><latexit sha1_base64="PnPKtGq3xCJqT978+2L21j/rILM=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgxpKoqMuiG5cV7APaGCbTSTt0MhNmJmIJceXGX3HjQhG3/oI7/8Zpm4W2HrhwOOde7r0niBlV2nG+rcLc/MLiUnG5tLK6tr5hb241lEgkJnUsmJCtACnCKCd1TTUjrVgSFAWMNIPB5chv3hGpqOA3ehgTL0I9TkOKkTaSb+9qn8IOimMp7qHr3KaHx6cZfIBpR0ZQZb5ddirOGHCWuDkpgxw13/7qdAVOIsI1ZkiptuvE2kuR1BQzkpU6iSIxwgPUI21DOYqI8tLxHxncN0oXhkKa4hqO1d8TKYqUGkaB6YyQ7qtpbyT+57UTHZ57KeVxognHk0VhwqAWcBQK7FJJsGZDQxCW1NwKcR9JhLWJrmRCcKdfniWNo4rrVNzrk3L1Io+jCHbAHjgALjgDVXAFaqAOMHgEz+AVvFlP1ov1bn1MWgtWPrMN/sD6/AH/Ipga</latexit><latexit sha1_base64="PnPKtGq3xCJqT978+2L21j/rILM=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgxpKoqMuiG5cV7APaGCbTSTt0MhNmJmIJceXGX3HjQhG3/oI7/8Zpm4W2HrhwOOde7r0niBlV2nG+rcLc/MLiUnG5tLK6tr5hb241lEgkJnUsmJCtACnCKCd1TTUjrVgSFAWMNIPB5chv3hGpqOA3ehgTL0I9TkOKkTaSb+9qn8IOimMp7qHr3KaHx6cZfIBpR0ZQZb5ddirOGHCWuDkpgxw13/7qdAVOIsI1ZkiptuvE2kuR1BQzkpU6iSIxwgPUI21DOYqI8tLxHxncN0oXhkKa4hqO1d8TKYqUGkaB6YyQ7qtpbyT+57UTHZ57KeVxognHk0VhwqAWcBQK7FJJsGZDQxCW1NwKcR9JhLWJrmRCcKdfniWNo4rrVNzrk3L1Io+jCHbAHjgALjgDVXAFaqAOMHgEz+AVvFlP1ov1bn1MWgtWPrMN/sD6/AH/Ipga</latexit><latexit sha1_base64="PnPKtGq3xCJqT978+2L21j/rILM=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgxpKoqMuiG5cV7APaGCbTSTt0MhNmJmIJceXGX3HjQhG3/oI7/8Zpm4W2HrhwOOde7r0niBlV2nG+rcLc/MLiUnG5tLK6tr5hb241lEgkJnUsmJCtACnCKCd1TTUjrVgSFAWMNIPB5chv3hGpqOA3ehgTL0I9TkOKkTaSb+9qn8IOimMp7qHr3KaHx6cZfIBpR0ZQZb5ddirOGHCWuDkpgxw13/7qdAVOIsI1ZkiptuvE2kuR1BQzkpU6iSIxwgPUI21DOYqI8tLxHxncN0oXhkKa4hqO1d8TKYqUGkaB6YyQ7qtpbyT+57UTHZ57KeVxognHk0VhwqAWcBQK7FJJsGZDQxCW1NwKcR9JhLWJrmRCcKdfniWNo4rrVNzrk3L1Io+jCHbAHjgALjgDVXAFaqAOMHgEz+AVvFlP1ov1bn1MWgtWPrMN/sD6/AH/Ipga</latexit>

d
hor

(ti) = 2cti ⇡ 6⇥ 10�28 m
<latexit sha1_base64="8ugVF+DfoUACVJx0pYpp4BaPDXk="></latexit><latexit sha1_base64="8ugVF+DfoUACVJx0pYpp4BaPDXk="></latexit><latexit sha1_base64="8ugVF+DfoUACVJx0pYpp4BaPDXk="></latexit><latexit sha1_base64="8ugVF+DfoUACVJx0pYpp4BaPDXk="></latexit>

N = 65
<latexit sha1_base64="1LOWo9/kFzaddyIjZlf9JacmPDI=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OJJIpgHJEuYncwmY2ZnlplZISz5By8eFPHq/3jzb5xN9qCJBQ1FVTfdXUHMmTau++0UlpZXVteK66WNza3tnfLuXlPLRBHaIJJL1Q6wppwJ2jDMcNqOFcVRwGkrGN1kfuuJKs2keDDjmPoRHggWMoKNlZp36Or8rNQrV9yqOwVaJF5OKpCj3it/dfuSJBEVhnCsdcdzY+OnWBlGOJ2UuommMSYjPKAdSwWOqPbT6bUTdGSVPgqlsiUMmqq/J1IcaT2OAtsZYTPU814m/ud1EhNe+ikTcWKoILNFYcKRkSh7HfWZosTwsSWYKGZvRWSIFSbGBpSF4M2/vEiaJ1XPrXr3p5XadR5HEQ7gEI7BgwuowS3UoQEEHuEZXuHNkc6L8+58zFoLTj6zD3/gfP4AoN2N1g==</latexit><latexit sha1_base64="1LOWo9/kFzaddyIjZlf9JacmPDI=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OJJIpgHJEuYncwmY2ZnlplZISz5By8eFPHq/3jzb5xN9qCJBQ1FVTfdXUHMmTau++0UlpZXVteK66WNza3tnfLuXlPLRBHaIJJL1Q6wppwJ2jDMcNqOFcVRwGkrGN1kfuuJKs2keDDjmPoRHggWMoKNlZp36Or8rNQrV9yqOwVaJF5OKpCj3it/dfuSJBEVhnCsdcdzY+OnWBlGOJ2UuommMSYjPKAdSwWOqPbT6bUTdGSVPgqlsiUMmqq/J1IcaT2OAtsZYTPU814m/ud1EhNe+ikTcWKoILNFYcKRkSh7HfWZosTwsSWYKGZvRWSIFSbGBpSF4M2/vEiaJ1XPrXr3p5XadR5HEQ7gEI7BgwuowS3UoQEEHuEZXuHNkc6L8+58zFoLTj6zD3/gfP4AoN2N1g==</latexit><latexit sha1_base64="1LOWo9/kFzaddyIjZlf9JacmPDI=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OJJIpgHJEuYncwmY2ZnlplZISz5By8eFPHq/3jzb5xN9qCJBQ1FVTfdXUHMmTau++0UlpZXVteK66WNza3tnfLuXlPLRBHaIJJL1Q6wppwJ2jDMcNqOFcVRwGkrGN1kfuuJKs2keDDjmPoRHggWMoKNlZp36Or8rNQrV9yqOwVaJF5OKpCj3it/dfuSJBEVhnCsdcdzY+OnWBlGOJ2UuommMSYjPKAdSwWOqPbT6bUTdGSVPgqlsiUMmqq/J1IcaT2OAtsZYTPU814m/ud1EhNe+ikTcWKoILNFYcKRkSh7HfWZosTwsSWYKGZvRWSIFSbGBpSF4M2/vEiaJ1XPrXr3p5XadR5HEQ7gEI7BgwuowS3UoQEEHuEZXuHNkc6L8+58zFoLTj6zD3/gfP4AoN2N1g==</latexit><latexit sha1_base64="1LOWo9/kFzaddyIjZlf9JacmPDI=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OJJIpgHJEuYncwmY2ZnlplZISz5By8eFPHq/3jzb5xN9qCJBQ1FVTfdXUHMmTau++0UlpZXVteK66WNza3tnfLuXlPLRBHaIJJL1Q6wppwJ2jDMcNqOFcVRwGkrGN1kfuuJKs2keDDjmPoRHggWMoKNlZp36Or8rNQrV9yqOwVaJF5OKpCj3it/dfuSJBEVhnCsdcdzY+OnWBlGOJ2UuommMSYjPKAdSwWOqPbT6bUTdGSVPgqlsiUMmqq/J1IcaT2OAtsZYTPU814m/ud1EhNe+ikTcWKoILNFYcKRkSh7HfWZosTwsSWYKGZvRWSIFSbGBpSF4M2/vEiaJ1XPrXr3p5XadR5HEQ7gEI7BgwuowS3UoQEEHuEZXuHNkc6L8+58zFoLTj6zD3/gfP4AoN2N1g==</latexit>

Hi ⇡ t�1
i

<latexit sha1_base64="InbQMaYKUd67vcBznIMEEh79fRw=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCG8uMCLosuumygn1AOw6ZNNOGZpKQZMQ6FH/FjQtF3Pof7vwb03YW2nrgwuGce7n3nkgyqo3nfTuFpeWV1bXiemljc2t7x93da2qRKkwaWDCh2hHShFFOGoYaRtpSEZREjLSi4fXEb90Tpangt2YkSZCgPqcxxchYKXQPaiGFXSSlEg/QhPQuO/XHoVv2Kt4UcJH4OSmDHPXQ/er2BE4Twg1mSOuO70kTZEgZihkZl7qpJhLhIeqTjqUcJUQH2fT6MTy2Sg/GQtniBk7V3xMZSrQeJZHtTJAZ6HlvIv7ndVITXwYZ5TI1hOPZojhl0Ag4iQL2qCLYsJElCCtqb4V4gBTCxgZWsiH48y8vkuZZxfcq/s15uXqVx1EEh+AInAAfXIAqqIE6aAAMHsEzeAVvzpPz4rw7H7PWgpPP7IM/cD5/AJmRlKk=</latexit><latexit sha1_base64="InbQMaYKUd67vcBznIMEEh79fRw=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCG8uMCLosuumygn1AOw6ZNNOGZpKQZMQ6FH/FjQtF3Pof7vwb03YW2nrgwuGce7n3nkgyqo3nfTuFpeWV1bXiemljc2t7x93da2qRKkwaWDCh2hHShFFOGoYaRtpSEZREjLSi4fXEb90Tpangt2YkSZCgPqcxxchYKXQPaiGFXSSlEg/QhPQuO/XHoVv2Kt4UcJH4OSmDHPXQ/er2BE4Twg1mSOuO70kTZEgZihkZl7qpJhLhIeqTjqUcJUQH2fT6MTy2Sg/GQtniBk7V3xMZSrQeJZHtTJAZ6HlvIv7ndVITXwYZ5TI1hOPZojhl0Ag4iQL2qCLYsJElCCtqb4V4gBTCxgZWsiH48y8vkuZZxfcq/s15uXqVx1EEh+AInAAfXIAqqIE6aAAMHsEzeAVvzpPz4rw7H7PWgpPP7IM/cD5/AJmRlKk=</latexit><latexit sha1_base64="InbQMaYKUd67vcBznIMEEh79fRw=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCG8uMCLosuumygn1AOw6ZNNOGZpKQZMQ6FH/FjQtF3Pof7vwb03YW2nrgwuGce7n3nkgyqo3nfTuFpeWV1bXiemljc2t7x93da2qRKkwaWDCh2hHShFFOGoYaRtpSEZREjLSi4fXEb90Tpangt2YkSZCgPqcxxchYKXQPaiGFXSSlEg/QhPQuO/XHoVv2Kt4UcJH4OSmDHPXQ/er2BE4Twg1mSOuO70kTZEgZihkZl7qpJhLhIeqTjqUcJUQH2fT6MTy2Sg/GQtniBk7V3xMZSrQeJZHtTJAZ6HlvIv7ndVITXwYZ5TI1hOPZojhl0Ag4iQL2qCLYsJElCCtqb4V4gBTCxgZWsiH48y8vkuZZxfcq/s15uXqVx1EEh+AInAAfXIAqqIE6aAAMHsEzeAVvzpPz4rw7H7PWgpPP7IM/cD5/AJmRlKk=</latexit><latexit sha1_base64="InbQMaYKUd67vcBznIMEEh79fRw=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCG8uMCLosuumygn1AOw6ZNNOGZpKQZMQ6FH/FjQtF3Pof7vwb03YW2nrgwuGce7n3nkgyqo3nfTuFpeWV1bXiemljc2t7x93da2qRKkwaWDCh2hHShFFOGoYaRtpSEZREjLSi4fXEb90Tpangt2YkSZCgPqcxxchYKXQPaiGFXSSlEg/QhPQuO/XHoVv2Kt4UcJH4OSmDHPXQ/er2BE4Twg1mSOuO70kTZEgZihkZl7qpJhLhIeqTjqUcJUQH2fT6MTy2Sg/GQtniBk7V3xMZSrQeJZHtTJAZ6HlvIv7ndVITXwYZ5TI1hOPZojhl0Ag4iQL2qCLYsJElCCtqb4V4gBTCxgZWsiH48y8vkuZZxfcq/s15uXqVx1EEh+AInAAfXIAqqIE6aAAMHsEzeAVvzpPz4rw7H7PWgpPP7IM/cD5/AJmRlKk=</latexit>

d
hor

(tf ) ⇡ eN3cti ⇠ 15 m
<latexit sha1_base64="DoU1StwoAclox1VJKuGtwCO9IYs=">AAACIHicbVDLSgMxFM34rOOr6tJNsAh1U2Z8UJdFN66kgtVCOw6ZNGODyWRI7ohlGP/Ejb/ixoUiutOvMa1d+DoQOJxzLjf3RKngBjzv3ZmYnJqemS3NufMLi0vL5ZXVM6MyTVmLKqF0OyKGCZ6wFnAQrJ1qRmQk2Hl0dTj0z6+ZNlwlpzBIWSDJZcJjTglYKSzXe2He1RL3lS6qEMZb2O2SNNXqxmUXx3iHYgi51QyX2N/Dt3iUlkVYrng1bwT8l/hjUkFjNMPyW7enaCZZAlQQYzq+l0KQEw2cCla43cywlNArcsk6liZEMhPkowMLvGmVHo6Vti8BPFK/T+REGjOQkU1KAn3z2xuK/3mdDOL9IOdJmgFL6NeiOBMYFB62hXtcMwpiYAmhmtu/YtonmlCwnbq2BP/3yX/J2XbN92r+yW6lcTCuo4TW0QaqIh/VUQMdoSZqIYru0AN6Qs/OvfPovDivX9EJZzyzhn7A+fgEzVyg2g==</latexit><latexit sha1_base64="DoU1StwoAclox1VJKuGtwCO9IYs=">AAACIHicbVDLSgMxFM34rOOr6tJNsAh1U2Z8UJdFN66kgtVCOw6ZNGODyWRI7ohlGP/Ejb/ixoUiutOvMa1d+DoQOJxzLjf3RKngBjzv3ZmYnJqemS3NufMLi0vL5ZXVM6MyTVmLKqF0OyKGCZ6wFnAQrJ1qRmQk2Hl0dTj0z6+ZNlwlpzBIWSDJZcJjTglYKSzXe2He1RL3lS6qEMZb2O2SNNXqxmUXx3iHYgi51QyX2N/Dt3iUlkVYrng1bwT8l/hjUkFjNMPyW7enaCZZAlQQYzq+l0KQEw2cCla43cywlNArcsk6liZEMhPkowMLvGmVHo6Vti8BPFK/T+REGjOQkU1KAn3z2xuK/3mdDOL9IOdJmgFL6NeiOBMYFB62hXtcMwpiYAmhmtu/YtonmlCwnbq2BP/3yX/J2XbN92r+yW6lcTCuo4TW0QaqIh/VUQMdoSZqIYru0AN6Qs/OvfPovDivX9EJZzyzhn7A+fgEzVyg2g==</latexit><latexit sha1_base64="DoU1StwoAclox1VJKuGtwCO9IYs=">AAACIHicbVDLSgMxFM34rOOr6tJNsAh1U2Z8UJdFN66kgtVCOw6ZNGODyWRI7ohlGP/Ejb/ixoUiutOvMa1d+DoQOJxzLjf3RKngBjzv3ZmYnJqemS3NufMLi0vL5ZXVM6MyTVmLKqF0OyKGCZ6wFnAQrJ1qRmQk2Hl0dTj0z6+ZNlwlpzBIWSDJZcJjTglYKSzXe2He1RL3lS6qEMZb2O2SNNXqxmUXx3iHYgi51QyX2N/Dt3iUlkVYrng1bwT8l/hjUkFjNMPyW7enaCZZAlQQYzq+l0KQEw2cCla43cywlNArcsk6liZEMhPkowMLvGmVHo6Vti8BPFK/T+REGjOQkU1KAn3z2xuK/3mdDOL9IOdJmgFL6NeiOBMYFB62hXtcMwpiYAmhmtu/YtonmlCwnbq2BP/3yX/J2XbN92r+yW6lcTCuo4TW0QaqIh/VUQMdoSZqIYru0AN6Qs/OvfPovDivX9EJZzyzhn7A+fgEzVyg2g==</latexit><latexit sha1_base64="DoU1StwoAclox1VJKuGtwCO9IYs=">AAACIHicbVDLSgMxFM34rOOr6tJNsAh1U2Z8UJdFN66kgtVCOw6ZNGODyWRI7ohlGP/Ejb/ixoUiutOvMa1d+DoQOJxzLjf3RKngBjzv3ZmYnJqemS3NufMLi0vL5ZXVM6MyTVmLKqF0OyKGCZ6wFnAQrJ1qRmQk2Hl0dTj0z6+ZNlwlpzBIWSDJZcJjTglYKSzXe2He1RL3lS6qEMZb2O2SNNXqxmUXx3iHYgi51QyX2N/Dt3iUlkVYrng1bwT8l/hjUkFjNMPyW7enaCZZAlQQYzq+l0KQEw2cCla43cywlNArcsk6liZEMhPkowMLvGmVHo6Vti8BPFK/T+REGjOQkU1KAn3z2xuK/3mdDOL9IOdJmgFL6NeiOBMYFB62hXtcMwpiYAmhmtu/YtonmlCwnbq2BP/3yX/J2XbN92r+yW6lcTCuo4TW0QaqIh/VUQMdoSZqIYru0AN6Qs/OvfPovDivX9EJZzyzhn7A+fgEzVyg2g==</latexit>

�tinfl ⇠ 10�34 s
<latexit sha1_base64="UwUnr7ArC+0Vp85CUWZyiNIopsI=">AAACFHicbVBNS8NAEN3Ur1q/qh69LBZBEEuigh5FPXisYFuhiWWz3ejS3U3YnQglxP/gxb/ixYMiXj1489+4bXNQ64OBx3szzMwLE8ENuO6XU5qanpmdK89XFhaXlleqq2stE6easiaNRayvQmKY4Io1gYNgV4lmRIaCtcP+6dBv3zFteKwuYZCwQJIbxSNOCVipW93xz5gAgqGb+VpiriKRY99wWfHc62x3/yDH93hkmbxbrbl1dwQ8SbyC1FCBRrf66fdimkqmgApiTMdzEwgyooFTwfKKnxqWENonN6xjqSKSmSAbPZXjLav0cBRrWwrwSP05kRFpzECGtlMSuDV/vaH4n9dJIToKMq6SFJii40VRKjDEeJgQ7nHNKIiBJYRqbm/F9JZoQsHmWLEheH9fniStvbrn1r2Lg9rxSRFHGW2gTbSNPHSIjtE5aqAmougBPaEX9Oo8Os/Om/M+bi05xcw6+gXn4xt2tJ0s</latexit><latexit sha1_base64="UwUnr7ArC+0Vp85CUWZyiNIopsI=">AAACFHicbVBNS8NAEN3Ur1q/qh69LBZBEEuigh5FPXisYFuhiWWz3ejS3U3YnQglxP/gxb/ixYMiXj1489+4bXNQ64OBx3szzMwLE8ENuO6XU5qanpmdK89XFhaXlleqq2stE6easiaNRayvQmKY4Io1gYNgV4lmRIaCtcP+6dBv3zFteKwuYZCwQJIbxSNOCVipW93xz5gAgqGb+VpiriKRY99wWfHc62x3/yDH93hkmbxbrbl1dwQ8SbyC1FCBRrf66fdimkqmgApiTMdzEwgyooFTwfKKnxqWENonN6xjqSKSmSAbPZXjLav0cBRrWwrwSP05kRFpzECGtlMSuDV/vaH4n9dJIToKMq6SFJii40VRKjDEeJgQ7nHNKIiBJYRqbm/F9JZoQsHmWLEheH9fniStvbrn1r2Lg9rxSRFHGW2gTbSNPHSIjtE5aqAmougBPaEX9Oo8Os/Om/M+bi05xcw6+gXn4xt2tJ0s</latexit><latexit sha1_base64="UwUnr7ArC+0Vp85CUWZyiNIopsI=">AAACFHicbVBNS8NAEN3Ur1q/qh69LBZBEEuigh5FPXisYFuhiWWz3ejS3U3YnQglxP/gxb/ixYMiXj1489+4bXNQ64OBx3szzMwLE8ENuO6XU5qanpmdK89XFhaXlleqq2stE6easiaNRayvQmKY4Io1gYNgV4lmRIaCtcP+6dBv3zFteKwuYZCwQJIbxSNOCVipW93xz5gAgqGb+VpiriKRY99wWfHc62x3/yDH93hkmbxbrbl1dwQ8SbyC1FCBRrf66fdimkqmgApiTMdzEwgyooFTwfKKnxqWENonN6xjqSKSmSAbPZXjLav0cBRrWwrwSP05kRFpzECGtlMSuDV/vaH4n9dJIToKMq6SFJii40VRKjDEeJgQ7nHNKIiBJYRqbm/F9JZoQsHmWLEheH9fniStvbrn1r2Lg9rxSRFHGW2gTbSNPHSIjtE5aqAmougBPaEX9Oo8Os/Om/M+bi05xcw6+gXn4xt2tJ0s</latexit><latexit sha1_base64="UwUnr7ArC+0Vp85CUWZyiNIopsI=">AAACFHicbVBNS8NAEN3Ur1q/qh69LBZBEEuigh5FPXisYFuhiWWz3ejS3U3YnQglxP/gxb/ixYMiXj1489+4bXNQ64OBx3szzMwLE8ENuO6XU5qanpmdK89XFhaXlleqq2stE6easiaNRayvQmKY4Io1gYNgV4lmRIaCtcP+6dBv3zFteKwuYZCwQJIbxSNOCVipW93xz5gAgqGb+VpiriKRY99wWfHc62x3/yDH93hkmbxbrbl1dwQ8SbyC1FCBRrf66fdimkqmgApiTMdzEwgyooFTwfKKnxqWENonN6xjqSKSmSAbPZXjLav0cBRrWwrwSP05kRFpzECGtlMSuDV/vaH4n9dJIToKMq6SFJii40VRKjDEeJgQ7nHNKIiBJYRqbm/F9JZoQsHmWLEheH9fniStvbrn1r2Lg9rxSRFHGW2gTbSNPHSIjtE5aqAmougBPaEX9Oo8Os/Om/M+bi05xcw6+gXn4xt2tJ0s</latexit>

Durante o perído da inflação, obtemos um aumento 
enorme do horizonte:
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a(tf )

a(ti)
= eN (ti < t < tf )

<latexit sha1_base64="7CdvQTrQ0ptYTF94+gxtLh/qIFI=">AAACF3icbVDLSgMxFM3UVx1fVZdugkVoN2VGBF1UKLpxJRXsA9qxZNJMG5p5kNwRylC/wo2/4saFIm5159+YaWehrQcCJ+ecS3KPGwmuwLK+jdzS8srqWn7d3Njc2t4p7O41VRhLyho0FKFsu0QxwQPWAA6CtSPJiO8K1nJHl6nfumdS8TC4hXHEHJ8MAu5xSkBLvUIlISXoeWXcDXUMpxdenuBzzO6uzQeNVKhCdZoxzV6haFWsKfAisTNSRBnqvcJXtx/S2GcBUEGU6thWBE5CJHAq2MTsxopFhI7IgHU0DYjPlJNM95rgI630sRdKfQLAU/X3REJ8pca+q5M+gaGa91LxP68Tg3fmJDyIYmABnT3kxQJDiNOScJ9LRkGMNSFUcv1XTIdEEgq6yrQEe37lRdI8rthWxb45KdYusjry6AAdohKy0SmqoStURw1E0SN6Rq/ozXgyXox342MWzRnZzD76A+PzB7LynRY=</latexit><latexit sha1_base64="7CdvQTrQ0ptYTF94+gxtLh/qIFI=">AAACF3icbVDLSgMxFM3UVx1fVZdugkVoN2VGBF1UKLpxJRXsA9qxZNJMG5p5kNwRylC/wo2/4saFIm5159+YaWehrQcCJ+ecS3KPGwmuwLK+jdzS8srqWn7d3Njc2t4p7O41VRhLyho0FKFsu0QxwQPWAA6CtSPJiO8K1nJHl6nfumdS8TC4hXHEHJ8MAu5xSkBLvUIlISXoeWXcDXUMpxdenuBzzO6uzQeNVKhCdZoxzV6haFWsKfAisTNSRBnqvcJXtx/S2GcBUEGU6thWBE5CJHAq2MTsxopFhI7IgHU0DYjPlJNM95rgI630sRdKfQLAU/X3REJ8pca+q5M+gaGa91LxP68Tg3fmJDyIYmABnT3kxQJDiNOScJ9LRkGMNSFUcv1XTIdEEgq6yrQEe37lRdI8rthWxb45KdYusjry6AAdohKy0SmqoStURw1E0SN6Rq/ozXgyXox342MWzRnZzD76A+PzB7LynRY=</latexit><latexit sha1_base64="7CdvQTrQ0ptYTF94+gxtLh/qIFI=">AAACF3icbVDLSgMxFM3UVx1fVZdugkVoN2VGBF1UKLpxJRXsA9qxZNJMG5p5kNwRylC/wo2/4saFIm5159+YaWehrQcCJ+ecS3KPGwmuwLK+jdzS8srqWn7d3Njc2t4p7O41VRhLyho0FKFsu0QxwQPWAA6CtSPJiO8K1nJHl6nfumdS8TC4hXHEHJ8MAu5xSkBLvUIlISXoeWXcDXUMpxdenuBzzO6uzQeNVKhCdZoxzV6haFWsKfAisTNSRBnqvcJXtx/S2GcBUEGU6thWBE5CJHAq2MTsxopFhI7IgHU0DYjPlJNM95rgI630sRdKfQLAU/X3REJ8pca+q5M+gaGa91LxP68Tg3fmJDyIYmABnT3kxQJDiNOScJ9LRkGMNSFUcv1XTIdEEgq6yrQEe37lRdI8rthWxb45KdYusjry6AAdohKy0SmqoStURw1E0SN6Rq/ozXgyXox342MWzRnZzD76A+PzB7LynRY=</latexit><latexit sha1_base64="7CdvQTrQ0ptYTF94+gxtLh/qIFI=">AAACF3icbVDLSgMxFM3UVx1fVZdugkVoN2VGBF1UKLpxJRXsA9qxZNJMG5p5kNwRylC/wo2/4saFIm5159+YaWehrQcCJ+ecS3KPGwmuwLK+jdzS8srqWn7d3Njc2t4p7O41VRhLyho0FKFsu0QxwQPWAA6CtSPJiO8K1nJHl6nfumdS8TC4hXHEHJ8MAu5xSkBLvUIlISXoeWXcDXUMpxdenuBzzO6uzQeNVKhCdZoxzV6haFWsKfAisTNSRBnqvcJXtx/S2GcBUEGU6thWBE5CJHAq2MTsxopFhI7IgHU0DYjPlJNM95rgI630sRdKfQLAU/X3REJ8pca+q5M+gaGa91LxP68Tg3fmJDyIYmABnT3kxQJDiNOScJ9LRkGMNSFUcv1XTIdEEgq6yrQEe37lRdI8rthWxb45KdYusjry6AAdohKy0SmqoStURw1E0SN6Rq/ozXgyXox342MWzRnZzD76A+PzB7LynRY=</latexit>

N ⌘ Hi(tf � ti)
<latexit sha1_base64="26zGVHDkYrBmf81Gs3e+bP40Ods=">AAACCnicbVDLSsNAFJ3UV42vqEs3o0WoC0sigi6LbrqSCvYBTQiT6aQdOnk4c1MooWs3/oobF4q49Qvc+TcmbRZaPXDhcM693HuPFwuuwDS/tNLS8srqWnld39jc2t4xdvfaKkokZS0aiUh2PaKY4CFrAQfBurFkJPAE63ij69zvjJlUPArvYBIzJyCDkPucEsgk1zi8wTa7T/gY44ab2jLAfIqr4Pr4FIPLT3TdNSpmzZwB/yVWQSqoQNM1Pu1+RJOAhUAFUapnmTE4KZHAqWBT3U4UiwkdkQHrZTQkAVNOOntlio8zpY/9SGYVAp6pPydSEig1CbysMyAwVIteLv7n9RLwL52Uh3ECLKTzRX4iMEQ4zwX3uWQUxCQjhEqe3YrpkEhCIUsvD8FafPkvaZ/VLLNm3Z5X6ldFHGV0gI5QFVnoAtVRAzVRC1H0gJ7QC3rVHrVn7U17n7eWtGJmH/2C9vENHi6X8w==</latexit><latexit sha1_base64="26zGVHDkYrBmf81Gs3e+bP40Ods=">AAACCnicbVDLSsNAFJ3UV42vqEs3o0WoC0sigi6LbrqSCvYBTQiT6aQdOnk4c1MooWs3/oobF4q49Qvc+TcmbRZaPXDhcM693HuPFwuuwDS/tNLS8srqWnld39jc2t4xdvfaKkokZS0aiUh2PaKY4CFrAQfBurFkJPAE63ij69zvjJlUPArvYBIzJyCDkPucEsgk1zi8wTa7T/gY44ab2jLAfIqr4Pr4FIPLT3TdNSpmzZwB/yVWQSqoQNM1Pu1+RJOAhUAFUapnmTE4KZHAqWBT3U4UiwkdkQHrZTQkAVNOOntlio8zpY/9SGYVAp6pPydSEig1CbysMyAwVIteLv7n9RLwL52Uh3ECLKTzRX4iMEQ4zwX3uWQUxCQjhEqe3YrpkEhCIUsvD8FafPkvaZ/VLLNm3Z5X6ldFHGV0gI5QFVnoAtVRAzVRC1H0gJ7QC3rVHrVn7U17n7eWtGJmH/2C9vENHi6X8w==</latexit><latexit sha1_base64="26zGVHDkYrBmf81Gs3e+bP40Ods=">AAACCnicbVDLSsNAFJ3UV42vqEs3o0WoC0sigi6LbrqSCvYBTQiT6aQdOnk4c1MooWs3/oobF4q49Qvc+TcmbRZaPXDhcM693HuPFwuuwDS/tNLS8srqWnld39jc2t4xdvfaKkokZS0aiUh2PaKY4CFrAQfBurFkJPAE63ij69zvjJlUPArvYBIzJyCDkPucEsgk1zi8wTa7T/gY44ab2jLAfIqr4Pr4FIPLT3TdNSpmzZwB/yVWQSqoQNM1Pu1+RJOAhUAFUapnmTE4KZHAqWBT3U4UiwkdkQHrZTQkAVNOOntlio8zpY/9SGYVAp6pPydSEig1CbysMyAwVIteLv7n9RLwL52Uh3ECLKTzRX4iMEQ4zwX3uWQUxCQjhEqe3YrpkEhCIUsvD8FafPkvaZ/VLLNm3Z5X6ldFHGV0gI5QFVnoAtVRAzVRC1H0gJ7QC3rVHrVn7U17n7eWtGJmH/2C9vENHi6X8w==</latexit><latexit sha1_base64="26zGVHDkYrBmf81Gs3e+bP40Ods=">AAACCnicbVDLSsNAFJ3UV42vqEs3o0WoC0sigi6LbrqSCvYBTQiT6aQdOnk4c1MooWs3/oobF4q49Qvc+TcmbRZaPXDhcM693HuPFwuuwDS/tNLS8srqWnld39jc2t4xdvfaKkokZS0aiUh2PaKY4CFrAQfBurFkJPAE63ij69zvjJlUPArvYBIzJyCDkPucEsgk1zi8wTa7T/gY44ab2jLAfIqr4Pr4FIPLT3TdNSpmzZwB/yVWQSqoQNM1Pu1+RJOAhUAFUapnmTE4KZHAqWBT3U4UiwkdkQHrZTQkAVNOOntlio8zpY/9SGYVAp6pPydSEig1CbysMyAwVIteLv7n9RLwL52Uh3ECLKTzRX4iMEQ4zwX3uWQUxCQjhEqe3YrpkEhCIUsvD8FafPkvaZ/VLLNm3Z5X6ldFHGV0gI5QFVnoAtVRAzVRC1H0gJ7QC3rVHrVn7U17n7eWtGJmH/2C9vENHi6X8w==</latexit>

taxa de crescimento 
do fator de escala 
durante a inflação

número de “e-foldings”

Se a duração da inflação, tf - ti, foi longa comparada com o 
tempo de Hubble durante a inflação, Hi-1, então N é um 
número grande, resultando em um crecimento enorme do 
fator de escala.
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Como a inflação resolve os problemas de 
planicidade, do horizonte e do monopolo?

2) Horizonte

Introduction to Cosmology (Ryden, 2017)

com inflação

sem inflação

pe
rí

od
o 

in
fla

ci
on

ár
io

d
hor

/ a / t1/2
<latexit sha1_base64="0i8h6Yi4uG6Tv22g2sR6X4jlzBQ=">AAACDXicbVDLSgMxFM3UV62vUZduglVwVWeKoMuiG5cV7AM645DJZNrQzCQkGaEM/QE3/oobF4q4de/OvzFtR9DWA4HDOfdyc04oGFXacb6s0tLyyupaeb2ysbm1vWPv7rUVzyQmLcwZl90QKcJoSlqaaka6QhKUhIx0wuHVxO/cE6koT2/1SBA/Qf2UxhQjbaTAPoqC3JMJHHA59oTkQnOI4A/Td7l7Wh8HdtWpOVPAReIWpAoKNAP704s4zhKSasyQUj3XEdrPkdQUMzKueJkiAuEh6pOeoSlKiPLzaZoxPDZKBGMuzUs1nKq/N3KUKDVKQjOZID1Q895E/M/rZTq+8HOaikyTFM8OxRmDk6CmGhhRSbBmI0MQltT8FeIBkghrU2DFlODOR14k7XrNdWruzVm1cVnUUQYH4BCcABecgwa4Bk3QAhg8gCfwAl6tR+vZerPeZ6Mlq9jZB39gfXwDILabjw==</latexit><latexit sha1_base64="0i8h6Yi4uG6Tv22g2sR6X4jlzBQ=">AAACDXicbVDLSgMxFM3UV62vUZduglVwVWeKoMuiG5cV7AM645DJZNrQzCQkGaEM/QE3/oobF4q4de/OvzFtR9DWA4HDOfdyc04oGFXacb6s0tLyyupaeb2ysbm1vWPv7rUVzyQmLcwZl90QKcJoSlqaaka6QhKUhIx0wuHVxO/cE6koT2/1SBA/Qf2UxhQjbaTAPoqC3JMJHHA59oTkQnOI4A/Td7l7Wh8HdtWpOVPAReIWpAoKNAP704s4zhKSasyQUj3XEdrPkdQUMzKueJkiAuEh6pOeoSlKiPLzaZoxPDZKBGMuzUs1nKq/N3KUKDVKQjOZID1Q895E/M/rZTq+8HOaikyTFM8OxRmDk6CmGhhRSbBmI0MQltT8FeIBkghrU2DFlODOR14k7XrNdWruzVm1cVnUUQYH4BCcABecgwa4Bk3QAhg8gCfwAl6tR+vZerPeZ6Mlq9jZB39gfXwDILabjw==</latexit><latexit sha1_base64="0i8h6Yi4uG6Tv22g2sR6X4jlzBQ=">AAACDXicbVDLSgMxFM3UV62vUZduglVwVWeKoMuiG5cV7AM645DJZNrQzCQkGaEM/QE3/oobF4q4de/OvzFtR9DWA4HDOfdyc04oGFXacb6s0tLyyupaeb2ysbm1vWPv7rUVzyQmLcwZl90QKcJoSlqaaka6QhKUhIx0wuHVxO/cE6koT2/1SBA/Qf2UxhQjbaTAPoqC3JMJHHA59oTkQnOI4A/Td7l7Wh8HdtWpOVPAReIWpAoKNAP704s4zhKSasyQUj3XEdrPkdQUMzKueJkiAuEh6pOeoSlKiPLzaZoxPDZKBGMuzUs1nKq/N3KUKDVKQjOZID1Q895E/M/rZTq+8HOaikyTFM8OxRmDk6CmGhhRSbBmI0MQltT8FeIBkghrU2DFlODOR14k7XrNdWruzVm1cVnUUQYH4BCcABecgwa4Bk3QAhg8gCfwAl6tR+vZerPeZ6Mlq9jZB39gfXwDILabjw==</latexit><latexit sha1_base64="0i8h6Yi4uG6Tv22g2sR6X4jlzBQ=">AAACDXicbVDLSgMxFM3UV62vUZduglVwVWeKoMuiG5cV7AM645DJZNrQzCQkGaEM/QE3/oobF4q4de/OvzFtR9DWA4HDOfdyc04oGFXacb6s0tLyyupaeb2ysbm1vWPv7rUVzyQmLcwZl90QKcJoSlqaaka6QhKUhIx0wuHVxO/cE6koT2/1SBA/Qf2UxhQjbaTAPoqC3JMJHHA59oTkQnOI4A/Td7l7Wh8HdtWpOVPAReIWpAoKNAP704s4zhKSasyQUj3XEdrPkdQUMzKueJkiAuEh6pOeoSlKiPLzaZoxPDZKBGMuzUs1nKq/N3KUKDVKQjOZID1Q895E/M/rZTq+8HOaikyTFM8OxRmDk6CmGhhRSbBmI0MQltT8FeIBkghrU2DFlODOR14k7XrNdWruzVm1cVnUUQYH4BCcABecgwa4Bk3QAhg8gCfwAl6tR+vZerPeZ6Mlq9jZB39gfXwDILabjw==</latexit>

d
hor

(tf ) ⇠ 15 m
<latexit sha1_base64="MqicgmiCpAASuUcf2piaaEZwTu8=">AAACDHicbVC7TsMwFHV4lvIqMLJYVEhlqRIEgrGChbFI9CE1UeQ4TmvVjiPbQaqisLPwKywMIMTKB7DxN7hpBmg5kqWjc87V9T1BwqjStv1tLS2vrK6tVzaqm1vbO7u1vf2uEqnEpIMFE7IfIEUYjUlHU81IP5EE8YCRXjC+nvq9eyIVFfGdniTE42gY04hipI3k1+qhn7mSw5GQeUP70Qmsuopy6JzDB1g4PDcpu2kXgIvEKUkdlGj7tS83FDjlJNaYIaUGjp1oL0NSU8xIXnVTRRKEx2hIBobGiBPlZcUxOTw2SggjIc2LNSzU3xMZ4kpNeGCSHOmRmvem4n/eINXRpZfROEk1ifFsUZQyqAWcNgNDKgnWbGIIwpKav0I8QhJhbfqrmhKc+ZMXSfe06dhN5/as3roq66iAQ3AEGsABF6AFbkAbdAAGj+AZvII368l6sd6tj1l0ySpnDsAfWJ8/LOeZxQ==</latexit><latexit sha1_base64="MqicgmiCpAASuUcf2piaaEZwTu8=">AAACDHicbVC7TsMwFHV4lvIqMLJYVEhlqRIEgrGChbFI9CE1UeQ4TmvVjiPbQaqisLPwKywMIMTKB7DxN7hpBmg5kqWjc87V9T1BwqjStv1tLS2vrK6tVzaqm1vbO7u1vf2uEqnEpIMFE7IfIEUYjUlHU81IP5EE8YCRXjC+nvq9eyIVFfGdniTE42gY04hipI3k1+qhn7mSw5GQeUP70Qmsuopy6JzDB1g4PDcpu2kXgIvEKUkdlGj7tS83FDjlJNaYIaUGjp1oL0NSU8xIXnVTRRKEx2hIBobGiBPlZcUxOTw2SggjIc2LNSzU3xMZ4kpNeGCSHOmRmvem4n/eINXRpZfROEk1ifFsUZQyqAWcNgNDKgnWbGIIwpKav0I8QhJhbfqrmhKc+ZMXSfe06dhN5/as3roq66iAQ3AEGsABF6AFbkAbdAAGj+AZvII368l6sd6tj1l0ySpnDsAfWJ8/LOeZxQ==</latexit><latexit sha1_base64="MqicgmiCpAASuUcf2piaaEZwTu8=">AAACDHicbVC7TsMwFHV4lvIqMLJYVEhlqRIEgrGChbFI9CE1UeQ4TmvVjiPbQaqisLPwKywMIMTKB7DxN7hpBmg5kqWjc87V9T1BwqjStv1tLS2vrK6tVzaqm1vbO7u1vf2uEqnEpIMFE7IfIEUYjUlHU81IP5EE8YCRXjC+nvq9eyIVFfGdniTE42gY04hipI3k1+qhn7mSw5GQeUP70Qmsuopy6JzDB1g4PDcpu2kXgIvEKUkdlGj7tS83FDjlJNaYIaUGjp1oL0NSU8xIXnVTRRKEx2hIBobGiBPlZcUxOTw2SggjIc2LNSzU3xMZ4kpNeGCSHOmRmvem4n/eINXRpZfROEk1ifFsUZQyqAWcNgNDKgnWbGIIwpKav0I8QhJhbfqrmhKc+ZMXSfe06dhN5/as3roq66iAQ3AEGsABF6AFbkAbdAAGj+AZvII368l6sd6tj1l0ySpnDsAfWJ8/LOeZxQ==</latexit><latexit sha1_base64="MqicgmiCpAASuUcf2piaaEZwTu8=">AAACDHicbVC7TsMwFHV4lvIqMLJYVEhlqRIEgrGChbFI9CE1UeQ4TmvVjiPbQaqisLPwKywMIMTKB7DxN7hpBmg5kqWjc87V9T1BwqjStv1tLS2vrK6tVzaqm1vbO7u1vf2uEqnEpIMFE7IfIEUYjUlHU81IP5EE8YCRXjC+nvq9eyIVFfGdniTE42gY04hipI3k1+qhn7mSw5GQeUP70Qmsuopy6JzDB1g4PDcpu2kXgIvEKUkdlGj7tS83FDjlJNaYIaUGjp1oL0NSU8xIXnVTRRKEx2hIBobGiBPlZcUxOTw2SggjIc2LNSzU3xMZ4kpNeGCSHOmRmvem4n/eINXRpZfROEk1ifFsUZQyqAWcNgNDKgnWbGIIwpKav0I8QhJhbfqrmhKc+ZMXSfe06dhN5/as3roq66iAQ3AEGsABF6AFbkAbdAAGj+AZvII368l6sd6tj1l0ySpnDsAfWJ8/LOeZxQ==</latexit>
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10.4 A Solução via Inflação

Como a inflação resolve os problemas de 
planicidade, do horizonte e do monopolo?

2) Horizonte

d
hor

(t
ls

) ⇠ 200 Mpc
<latexit sha1_base64="N4NJyF1xUhp+9ojZCfy/pMuwJiM=">AAACFnicbZDLSsNAFIYnXmu8RV26GSxCXViSIuiy6MaNUMFeoAlhMpm2Q2eSMDMRSogv4cZXceNCEbfizrdxmmahrT8MfPznHM6cP0gYlcq2v42l5ZXVtfXKhrm5tb2za+3td2ScCkzaOGax6AVIEkYj0lZUMdJLBEE8YKQbjK+m9e49EZLG0Z2aJMTjaBjRAcVIacu3TkM/cwWHo1jkNTVjJvMTaLqSctiwbfgAC/cmwblvVe26XQguglNCFZRq+daXG8Y45SRSmCEp+46dKC9DQlHMSG66qSQJwmM0JH2NEeJEellxVg6PtRPCQSz0ixQs3N8TGeJSTnigOzlSIzlfm5r/1fqpGlx4GY2SVJEIzxYNUgZVDKcZwZAKghWbaEBYUP1XiEdIIKx0kqYOwZk/eRE6jbpj153bs2rzsoyjAg7BEagBB5yDJrgGLdAGGDyCZ/AK3own48V4Nz5mrUtGOXMA/sj4/AHEMJ3U</latexit><latexit sha1_base64="N4NJyF1xUhp+9ojZCfy/pMuwJiM=">AAACFnicbZDLSsNAFIYnXmu8RV26GSxCXViSIuiy6MaNUMFeoAlhMpm2Q2eSMDMRSogv4cZXceNCEbfizrdxmmahrT8MfPznHM6cP0gYlcq2v42l5ZXVtfXKhrm5tb2za+3td2ScCkzaOGax6AVIEkYj0lZUMdJLBEE8YKQbjK+m9e49EZLG0Z2aJMTjaBjRAcVIacu3TkM/cwWHo1jkNTVjJvMTaLqSctiwbfgAC/cmwblvVe26XQguglNCFZRq+daXG8Y45SRSmCEp+46dKC9DQlHMSG66qSQJwmM0JH2NEeJEellxVg6PtRPCQSz0ixQs3N8TGeJSTnigOzlSIzlfm5r/1fqpGlx4GY2SVJEIzxYNUgZVDKcZwZAKghWbaEBYUP1XiEdIIKx0kqYOwZk/eRE6jbpj153bs2rzsoyjAg7BEagBB5yDJrgGLdAGGDyCZ/AK3own48V4Nz5mrUtGOXMA/sj4/AHEMJ3U</latexit><latexit sha1_base64="N4NJyF1xUhp+9ojZCfy/pMuwJiM=">AAACFnicbZDLSsNAFIYnXmu8RV26GSxCXViSIuiy6MaNUMFeoAlhMpm2Q2eSMDMRSogv4cZXceNCEbfizrdxmmahrT8MfPznHM6cP0gYlcq2v42l5ZXVtfXKhrm5tb2za+3td2ScCkzaOGax6AVIEkYj0lZUMdJLBEE8YKQbjK+m9e49EZLG0Z2aJMTjaBjRAcVIacu3TkM/cwWHo1jkNTVjJvMTaLqSctiwbfgAC/cmwblvVe26XQguglNCFZRq+daXG8Y45SRSmCEp+46dKC9DQlHMSG66qSQJwmM0JH2NEeJEellxVg6PtRPCQSz0ixQs3N8TGeJSTnigOzlSIzlfm5r/1fqpGlx4GY2SVJEIzxYNUgZVDKcZwZAKghWbaEBYUP1XiEdIIKx0kqYOwZk/eRE6jbpj153bs2rzsoyjAg7BEagBB5yDJrgGLdAGGDyCZ/AK3own48V4Nz5mrUtGOXMA/sj4/AHEMJ3U</latexit><latexit sha1_base64="N4NJyF1xUhp+9ojZCfy/pMuwJiM=">AAACFnicbZDLSsNAFIYnXmu8RV26GSxCXViSIuiy6MaNUMFeoAlhMpm2Q2eSMDMRSogv4cZXceNCEbfizrdxmmahrT8MfPznHM6cP0gYlcq2v42l5ZXVtfXKhrm5tb2za+3td2ScCkzaOGax6AVIEkYj0lZUMdJLBEE8YKQbjK+m9e49EZLG0Z2aJMTjaBjRAcVIacu3TkM/cwWHo1jkNTVjJvMTaLqSctiwbfgAC/cmwblvVe26XQguglNCFZRq+daXG8Y45SRSmCEp+46dKC9DQlHMSG66qSQJwmM0JH2NEeJEellxVg6PtRPCQSz0ixQs3N8TGeJSTnigOzlSIzlfm5r/1fqpGlx4GY2SVJEIzxYNUgZVDKcZwZAKghWbaEBYUP1XiEdIIKx0kqYOwZk/eRE6jbpj153bs2rzsoyjAg7BEagBB5yDJrgGLdAGGDyCZ/AK3own48V4Nz5mrUtGOXMA/sj4/AHEMJ3U</latexit>

d
hor

(t
ls

) ⇠ 0.25 Mpc
<latexit sha1_base64="1ktBSXbZEEyKTwLcFFl6FySuSKk=">AAACF3icbZDLSsNAFIYnXmu8RV26GSxC3YSkKLosunEjVLAXaEqZTCbt0JkkzEyEEuJTuPFV3LhQxK3ufBunaRba+sPAx3/O4cz5/YRRqRzn21haXlldW69smJtb2zu71t5+W8apwKSFYxaLro8kYTQiLUUVI91EEMR9Rjr++Gpa79wTIWkc3alJQvocDSMaUoyUtgaWHQwyT3A4ikVeUzNmMj+Bpicph45dP4MPsLBvEpwPrKpjO4XgIrglVEGp5sD68oIYp5xECjMkZc91EtXPkFAUM5KbXipJgvAYDUlPY4Q4kf2suCuHx9oJYBgL/SIFC/f3RIa4lBPu606O1EjO16bmf7VeqsKLfkajJFUkwrNFYcqgiuE0JBhQQbBiEw0IC6r/CvEICYSVjtLUIbjzJy9Cu267ju3enlYbl2UcFXAIjkANuOAcNMA1aIIWwOARPINX8GY8GS/Gu/Exa10yypkD8EfG5w9EeJ4R</latexit><latexit sha1_base64="1ktBSXbZEEyKTwLcFFl6FySuSKk=">AAACF3icbZDLSsNAFIYnXmu8RV26GSxC3YSkKLosunEjVLAXaEqZTCbt0JkkzEyEEuJTuPFV3LhQxK3ufBunaRba+sPAx3/O4cz5/YRRqRzn21haXlldW69smJtb2zu71t5+W8apwKSFYxaLro8kYTQiLUUVI91EEMR9Rjr++Gpa79wTIWkc3alJQvocDSMaUoyUtgaWHQwyT3A4ikVeUzNmMj+Bpicph45dP4MPsLBvEpwPrKpjO4XgIrglVEGp5sD68oIYp5xECjMkZc91EtXPkFAUM5KbXipJgvAYDUlPY4Q4kf2suCuHx9oJYBgL/SIFC/f3RIa4lBPu606O1EjO16bmf7VeqsKLfkajJFUkwrNFYcqgiuE0JBhQQbBiEw0IC6r/CvEICYSVjtLUIbjzJy9Cu267ju3enlYbl2UcFXAIjkANuOAcNMA1aIIWwOARPINX8GY8GS/Gu/Exa10yypkD8EfG5w9EeJ4R</latexit><latexit sha1_base64="1ktBSXbZEEyKTwLcFFl6FySuSKk=">AAACF3icbZDLSsNAFIYnXmu8RV26GSxC3YSkKLosunEjVLAXaEqZTCbt0JkkzEyEEuJTuPFV3LhQxK3ufBunaRba+sPAx3/O4cz5/YRRqRzn21haXlldW69smJtb2zu71t5+W8apwKSFYxaLro8kYTQiLUUVI91EEMR9Rjr++Gpa79wTIWkc3alJQvocDSMaUoyUtgaWHQwyT3A4ikVeUzNmMj+Bpicph45dP4MPsLBvEpwPrKpjO4XgIrglVEGp5sD68oIYp5xECjMkZc91EtXPkFAUM5KbXipJgvAYDUlPY4Q4kf2suCuHx9oJYBgL/SIFC/f3RIa4lBPu606O1EjO16bmf7VeqsKLfkajJFUkwrNFYcqgiuE0JBhQQbBiEw0IC6r/CvEICYSVjtLUIbjzJy9Cu267ju3enlYbl2UcFXAIjkANuOAcNMA1aIIWwOARPINX8GY8GS/Gu/Exa10yypkD8EfG5w9EeJ4R</latexit><latexit sha1_base64="1ktBSXbZEEyKTwLcFFl6FySuSKk=">AAACF3icbZDLSsNAFIYnXmu8RV26GSxC3YSkKLosunEjVLAXaEqZTCbt0JkkzEyEEuJTuPFV3LhQxK3ufBunaRba+sPAx3/O4cz5/YRRqRzn21haXlldW69smJtb2zu71t5+W8apwKSFYxaLro8kYTQiLUUVI91EEMR9Rjr++Gpa79wTIWkc3alJQvocDSMaUoyUtgaWHQwyT3A4ikVeUzNmMj+Bpicph45dP4MPsLBvEpwPrKpjO4XgIrglVEGp5sD68oIYp5xECjMkZc91EtXPkFAUM5KbXipJgvAYDUlPY4Q4kf2suCuHx9oJYBgL/SIFC/f3RIa4lBPu606O1EjO16bmf7VeqsKLfkajJFUkwrNFYcqgiuE0JBhQQbBiEw0IC6r/CvEICYSVjtLUIbjzJy9Cu267ju3enlYbl2UcFXAIjkANuOAcNMA1aIIWwOARPINX8GY8GS/Gu/Exa10yypkD8EfG5w9EeJ4R</latexit>

Com inflação: Sem inflação:

(Comparação na LSS...)
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10.4 A Solução via Inflação

Como a inflação resolve os problemas de 
planicidade, do horizonte e do monopolo?

2) Horizonte

d
hor

(t
ls

) ⇠ 200 Mpc
<latexit sha1_base64="N4NJyF1xUhp+9ojZCfy/pMuwJiM=">AAACFnicbZDLSsNAFIYnXmu8RV26GSxCXViSIuiy6MaNUMFeoAlhMpm2Q2eSMDMRSogv4cZXceNCEbfizrdxmmahrT8MfPznHM6cP0gYlcq2v42l5ZXVtfXKhrm5tb2za+3td2ScCkzaOGax6AVIEkYj0lZUMdJLBEE8YKQbjK+m9e49EZLG0Z2aJMTjaBjRAcVIacu3TkM/cwWHo1jkNTVjJvMTaLqSctiwbfgAC/cmwblvVe26XQguglNCFZRq+daXG8Y45SRSmCEp+46dKC9DQlHMSG66qSQJwmM0JH2NEeJEellxVg6PtRPCQSz0ixQs3N8TGeJSTnigOzlSIzlfm5r/1fqpGlx4GY2SVJEIzxYNUgZVDKcZwZAKghWbaEBYUP1XiEdIIKx0kqYOwZk/eRE6jbpj153bs2rzsoyjAg7BEagBB5yDJrgGLdAGGDyCZ/AK3own48V4Nz5mrUtGOXMA/sj4/AHEMJ3U</latexit><latexit sha1_base64="N4NJyF1xUhp+9ojZCfy/pMuwJiM=">AAACFnicbZDLSsNAFIYnXmu8RV26GSxCXViSIuiy6MaNUMFeoAlhMpm2Q2eSMDMRSogv4cZXceNCEbfizrdxmmahrT8MfPznHM6cP0gYlcq2v42l5ZXVtfXKhrm5tb2za+3td2ScCkzaOGax6AVIEkYj0lZUMdJLBEE8YKQbjK+m9e49EZLG0Z2aJMTjaBjRAcVIacu3TkM/cwWHo1jkNTVjJvMTaLqSctiwbfgAC/cmwblvVe26XQguglNCFZRq+daXG8Y45SRSmCEp+46dKC9DQlHMSG66qSQJwmM0JH2NEeJEellxVg6PtRPCQSz0ixQs3N8TGeJSTnigOzlSIzlfm5r/1fqpGlx4GY2SVJEIzxYNUgZVDKcZwZAKghWbaEBYUP1XiEdIIKx0kqYOwZk/eRE6jbpj153bs2rzsoyjAg7BEagBB5yDJrgGLdAGGDyCZ/AK3own48V4Nz5mrUtGOXMA/sj4/AHEMJ3U</latexit><latexit sha1_base64="N4NJyF1xUhp+9ojZCfy/pMuwJiM=">AAACFnicbZDLSsNAFIYnXmu8RV26GSxCXViSIuiy6MaNUMFeoAlhMpm2Q2eSMDMRSogv4cZXceNCEbfizrdxmmahrT8MfPznHM6cP0gYlcq2v42l5ZXVtfXKhrm5tb2za+3td2ScCkzaOGax6AVIEkYj0lZUMdJLBEE8YKQbjK+m9e49EZLG0Z2aJMTjaBjRAcVIacu3TkM/cwWHo1jkNTVjJvMTaLqSctiwbfgAC/cmwblvVe26XQguglNCFZRq+daXG8Y45SRSmCEp+46dKC9DQlHMSG66qSQJwmM0JH2NEeJEellxVg6PtRPCQSz0ixQs3N8TGeJSTnigOzlSIzlfm5r/1fqpGlx4GY2SVJEIzxYNUgZVDKcZwZAKghWbaEBYUP1XiEdIIKx0kqYOwZk/eRE6jbpj153bs2rzsoyjAg7BEagBB5yDJrgGLdAGGDyCZ/AK3own48V4Nz5mrUtGOXMA/sj4/AHEMJ3U</latexit><latexit sha1_base64="N4NJyF1xUhp+9ojZCfy/pMuwJiM=">AAACFnicbZDLSsNAFIYnXmu8RV26GSxCXViSIuiy6MaNUMFeoAlhMpm2Q2eSMDMRSogv4cZXceNCEbfizrdxmmahrT8MfPznHM6cP0gYlcq2v42l5ZXVtfXKhrm5tb2za+3td2ScCkzaOGax6AVIEkYj0lZUMdJLBEE8YKQbjK+m9e49EZLG0Z2aJMTjaBjRAcVIacu3TkM/cwWHo1jkNTVjJvMTaLqSctiwbfgAC/cmwblvVe26XQguglNCFZRq+daXG8Y45SRSmCEp+46dKC9DQlHMSG66qSQJwmM0JH2NEeJEellxVg6PtRPCQSz0ixQs3N8TGeJSTnigOzlSIzlfm5r/1fqpGlx4GY2SVJEIzxYNUgZVDKcZwZAKghWbaEBYUP1XiEdIIKx0kqYOwZk/eRE6jbpj153bs2rzsoyjAg7BEagBB5yDJrgGLdAGGDyCZ/AK3own48V4Nz5mrUtGOXMA/sj4/AHEMJ3U</latexit>

d
hor

(t
ls

) ⇠ 0.25 Mpc
<latexit sha1_base64="1ktBSXbZEEyKTwLcFFl6FySuSKk=">AAACF3icbZDLSsNAFIYnXmu8RV26GSxC3YSkKLosunEjVLAXaEqZTCbt0JkkzEyEEuJTuPFV3LhQxK3ufBunaRba+sPAx3/O4cz5/YRRqRzn21haXlldW69smJtb2zu71t5+W8apwKSFYxaLro8kYTQiLUUVI91EEMR9Rjr++Gpa79wTIWkc3alJQvocDSMaUoyUtgaWHQwyT3A4ikVeUzNmMj+Bpicph45dP4MPsLBvEpwPrKpjO4XgIrglVEGp5sD68oIYp5xECjMkZc91EtXPkFAUM5KbXipJgvAYDUlPY4Q4kf2suCuHx9oJYBgL/SIFC/f3RIa4lBPu606O1EjO16bmf7VeqsKLfkajJFUkwrNFYcqgiuE0JBhQQbBiEw0IC6r/CvEICYSVjtLUIbjzJy9Cu267ju3enlYbl2UcFXAIjkANuOAcNMA1aIIWwOARPINX8GY8GS/Gu/Exa10yypkD8EfG5w9EeJ4R</latexit><latexit sha1_base64="1ktBSXbZEEyKTwLcFFl6FySuSKk=">AAACF3icbZDLSsNAFIYnXmu8RV26GSxC3YSkKLosunEjVLAXaEqZTCbt0JkkzEyEEuJTuPFV3LhQxK3ufBunaRba+sPAx3/O4cz5/YRRqRzn21haXlldW69smJtb2zu71t5+W8apwKSFYxaLro8kYTQiLUUVI91EEMR9Rjr++Gpa79wTIWkc3alJQvocDSMaUoyUtgaWHQwyT3A4ikVeUzNmMj+Bpicph45dP4MPsLBvEpwPrKpjO4XgIrglVEGp5sD68oIYp5xECjMkZc91EtXPkFAUM5KbXipJgvAYDUlPY4Q4kf2suCuHx9oJYBgL/SIFC/f3RIa4lBPu606O1EjO16bmf7VeqsKLfkajJFUkwrNFYcqgiuE0JBhQQbBiEw0IC6r/CvEICYSVjtLUIbjzJy9Cu267ju3enlYbl2UcFXAIjkANuOAcNMA1aIIWwOARPINX8GY8GS/Gu/Exa10yypkD8EfG5w9EeJ4R</latexit><latexit sha1_base64="1ktBSXbZEEyKTwLcFFl6FySuSKk=">AAACF3icbZDLSsNAFIYnXmu8RV26GSxC3YSkKLosunEjVLAXaEqZTCbt0JkkzEyEEuJTuPFV3LhQxK3ufBunaRba+sPAx3/O4cz5/YRRqRzn21haXlldW69smJtb2zu71t5+W8apwKSFYxaLro8kYTQiLUUVI91EEMR9Rjr++Gpa79wTIWkc3alJQvocDSMaUoyUtgaWHQwyT3A4ikVeUzNmMj+Bpicph45dP4MPsLBvEpwPrKpjO4XgIrglVEGp5sD68oIYp5xECjMkZc91EtXPkFAUM5KbXipJgvAYDUlPY4Q4kf2suCuHx9oJYBgL/SIFC/f3RIa4lBPu606O1EjO16bmf7VeqsKLfkajJFUkwrNFYcqgiuE0JBhQQbBiEw0IC6r/CvEICYSVjtLUIbjzJy9Cu267ju3enlYbl2UcFXAIjkANuOAcNMA1aIIWwOARPINX8GY8GS/Gu/Exa10yypkD8EfG5w9EeJ4R</latexit><latexit sha1_base64="1ktBSXbZEEyKTwLcFFl6FySuSKk=">AAACF3icbZDLSsNAFIYnXmu8RV26GSxC3YSkKLosunEjVLAXaEqZTCbt0JkkzEyEEuJTuPFV3LhQxK3ufBunaRba+sPAx3/O4cz5/YRRqRzn21haXlldW69smJtb2zu71t5+W8apwKSFYxaLro8kYTQiLUUVI91EEMR9Rjr++Gpa79wTIWkc3alJQvocDSMaUoyUtgaWHQwyT3A4ikVeUzNmMj+Bpicph45dP4MPsLBvEpwPrKpjO4XgIrglVEGp5sD68oIYp5xECjMkZc91EtXPkFAUM5KbXipJgvAYDUlPY4Q4kf2suCuHx9oJYBgL/SIFC/f3RIa4lBPu606O1EjO16bmf7VeqsKLfkajJFUkwrNFYcqgiuE0JBhQQbBiEw0IC6r/CvEICYSVjtLUIbjzJy9Cu267ju3enlYbl2UcFXAIjkANuOAcNMA1aIIWwOARPINX8GY8GS/Gu/Exa10yypkD8EfG5w9EeJ4R</latexit>

Com inflação: Sem inflação:

Considere todo o Universo visível hoje (limitado pela 
última superfície de espalhamento “LSS” da CMBR). 
Temos que a distância própria até LSS, hoje, é:

a(tf ) ⇠ 2⇥ 10�27
<latexit sha1_base64="ygUdUYG+/5+V13Mu+ju6tu2KMIY=">AAACB3icbVDLSsNAFJ3UV42vqEtBBotQF5akCHVZdOOygn1AE8NkOmmHTh7M3AgldOfGX3HjQhG3/oI7/8bpY6GtBy4czrmXe+8JUsEV2Pa3UVhZXVvfKG6aW9s7u3vW/kFLJZmkrEkTkchOQBQTPGZN4CBYJ5WMRIFg7WB4PfHbD0wqnsR3MEqZF5F+zENOCWjJt45JGfzwDJuu4hGuYhd4xBR27Pv8vFob+1bJrthT4GXizEkJzdHwrS+3l9AsYjFQQZTqOnYKXk4kcCrY2HQzxVJCh6TPuprGRG/z8ukfY3yqlR4OE6krBjxVf0/kJFJqFAW6MyIwUIveRPzP62YQXno5j9MMWExni8JMYEjwJBTc45JRECNNCJVc34rpgEhCQUdn6hCcxZeXSataceyKc3tRql/N4yiiI3SCyshBNVRHN6iBmoiiR/SMXtGb8WS8GO/Gx6y1YMxnDtEfGJ8/JZ2W7g==</latexit><latexit sha1_base64="ygUdUYG+/5+V13Mu+ju6tu2KMIY=">AAACB3icbVDLSsNAFJ3UV42vqEtBBotQF5akCHVZdOOygn1AE8NkOmmHTh7M3AgldOfGX3HjQhG3/oI7/8bpY6GtBy4czrmXe+8JUsEV2Pa3UVhZXVvfKG6aW9s7u3vW/kFLJZmkrEkTkchOQBQTPGZN4CBYJ5WMRIFg7WB4PfHbD0wqnsR3MEqZF5F+zENOCWjJt45JGfzwDJuu4hGuYhd4xBR27Pv8vFob+1bJrthT4GXizEkJzdHwrS+3l9AsYjFQQZTqOnYKXk4kcCrY2HQzxVJCh6TPuprGRG/z8ukfY3yqlR4OE6krBjxVf0/kJFJqFAW6MyIwUIveRPzP62YQXno5j9MMWExni8JMYEjwJBTc45JRECNNCJVc34rpgEhCQUdn6hCcxZeXSataceyKc3tRql/N4yiiI3SCyshBNVRHN6iBmoiiR/SMXtGb8WS8GO/Gx6y1YMxnDtEfGJ8/JZ2W7g==</latexit><latexit sha1_base64="ygUdUYG+/5+V13Mu+ju6tu2KMIY=">AAACB3icbVDLSsNAFJ3UV42vqEtBBotQF5akCHVZdOOygn1AE8NkOmmHTh7M3AgldOfGX3HjQhG3/oI7/8bpY6GtBy4czrmXe+8JUsEV2Pa3UVhZXVvfKG6aW9s7u3vW/kFLJZmkrEkTkchOQBQTPGZN4CBYJ5WMRIFg7WB4PfHbD0wqnsR3MEqZF5F+zENOCWjJt45JGfzwDJuu4hGuYhd4xBR27Pv8vFob+1bJrthT4GXizEkJzdHwrS+3l9AsYjFQQZTqOnYKXk4kcCrY2HQzxVJCh6TPuprGRG/z8ukfY3yqlR4OE6krBjxVf0/kJFJqFAW6MyIwUIveRPzP62YQXno5j9MMWExni8JMYEjwJBTc45JRECNNCJVc34rpgEhCQUdn6hCcxZeXSataceyKc3tRql/N4yiiI3SCyshBNVRHN6iBmoiiR/SMXtGb8WS8GO/Gx6y1YMxnDtEfGJ8/JZ2W7g==</latexit><latexit sha1_base64="ygUdUYG+/5+V13Mu+ju6tu2KMIY=">AAACB3icbVDLSsNAFJ3UV42vqEtBBotQF5akCHVZdOOygn1AE8NkOmmHTh7M3AgldOfGX3HjQhG3/oI7/8bpY6GtBy4czrmXe+8JUsEV2Pa3UVhZXVvfKG6aW9s7u3vW/kFLJZmkrEkTkchOQBQTPGZN4CBYJ5WMRIFg7WB4PfHbD0wqnsR3MEqZF5F+zENOCWjJt45JGfzwDJuu4hGuYhd4xBR27Pv8vFob+1bJrthT4GXizEkJzdHwrS+3l9AsYjFQQZTqOnYKXk4kcCrY2HQzxVJCh6TPuprGRG/z8ukfY3yqlR4OE6krBjxVf0/kJFJqFAW6MyIwUIveRPzP62YQXno5j9MMWExni8JMYEjwJBTc45JRECNNCJVc34rpgEhCQUdn6hCcxZeXSataceyKc3tRql/N4yiiI3SCyshBNVRHN6iBmoiiR/SMXtGb8WS8GO/Gx6y1YMxnDtEfGJ8/JZ2W7g==</latexit>

d
hor

(tf ) ⇠ 15 m
<latexit sha1_base64="MqicgmiCpAASuUcf2piaaEZwTu8=">AAACDHicbVC7TsMwFHV4lvIqMLJYVEhlqRIEgrGChbFI9CE1UeQ4TmvVjiPbQaqisLPwKywMIMTKB7DxN7hpBmg5kqWjc87V9T1BwqjStv1tLS2vrK6tVzaqm1vbO7u1vf2uEqnEpIMFE7IfIEUYjUlHU81IP5EE8YCRXjC+nvq9eyIVFfGdniTE42gY04hipI3k1+qhn7mSw5GQeUP70Qmsuopy6JzDB1g4PDcpu2kXgIvEKUkdlGj7tS83FDjlJNaYIaUGjp1oL0NSU8xIXnVTRRKEx2hIBobGiBPlZcUxOTw2SggjIc2LNSzU3xMZ4kpNeGCSHOmRmvem4n/eINXRpZfROEk1ifFsUZQyqAWcNgNDKgnWbGIIwpKav0I8QhJhbfqrmhKc+ZMXSfe06dhN5/as3roq66iAQ3AEGsABF6AFbkAbdAAGj+AZvII368l6sd6tj1l0ySpnDsAfWJ8/LOeZxQ==</latexit><latexit sha1_base64="MqicgmiCpAASuUcf2piaaEZwTu8=">AAACDHicbVC7TsMwFHV4lvIqMLJYVEhlqRIEgrGChbFI9CE1UeQ4TmvVjiPbQaqisLPwKywMIMTKB7DxN7hpBmg5kqWjc87V9T1BwqjStv1tLS2vrK6tVzaqm1vbO7u1vf2uEqnEpIMFE7IfIEUYjUlHU81IP5EE8YCRXjC+nvq9eyIVFfGdniTE42gY04hipI3k1+qhn7mSw5GQeUP70Qmsuopy6JzDB1g4PDcpu2kXgIvEKUkdlGj7tS83FDjlJNaYIaUGjp1oL0NSU8xIXnVTRRKEx2hIBobGiBPlZcUxOTw2SggjIc2LNSzU3xMZ4kpNeGCSHOmRmvem4n/eINXRpZfROEk1ifFsUZQyqAWcNgNDKgnWbGIIwpKav0I8QhJhbfqrmhKc+ZMXSfe06dhN5/as3roq66iAQ3AEGsABF6AFbkAbdAAGj+AZvII368l6sd6tj1l0ySpnDsAfWJ8/LOeZxQ==</latexit><latexit sha1_base64="MqicgmiCpAASuUcf2piaaEZwTu8=">AAACDHicbVC7TsMwFHV4lvIqMLJYVEhlqRIEgrGChbFI9CE1UeQ4TmvVjiPbQaqisLPwKywMIMTKB7DxN7hpBmg5kqWjc87V9T1BwqjStv1tLS2vrK6tVzaqm1vbO7u1vf2uEqnEpIMFE7IfIEUYjUlHU81IP5EE8YCRXjC+nvq9eyIVFfGdniTE42gY04hipI3k1+qhn7mSw5GQeUP70Qmsuopy6JzDB1g4PDcpu2kXgIvEKUkdlGj7tS83FDjlJNaYIaUGjp1oL0NSU8xIXnVTRRKEx2hIBobGiBPlZcUxOTw2SggjIc2LNSzU3xMZ4kpNeGCSHOmRmvem4n/eINXRpZfROEk1ifFsUZQyqAWcNgNDKgnWbGIIwpKav0I8QhJhbfqrmhKc+ZMXSfe06dhN5/as3roq66iAQ3AEGsABF6AFbkAbdAAGj+AZvII368l6sd6tj1l0ySpnDsAfWJ8/LOeZxQ==</latexit><latexit sha1_base64="MqicgmiCpAASuUcf2piaaEZwTu8=">AAACDHicbVC7TsMwFHV4lvIqMLJYVEhlqRIEgrGChbFI9CE1UeQ4TmvVjiPbQaqisLPwKywMIMTKB7DxN7hpBmg5kqWjc87V9T1BwqjStv1tLS2vrK6tVzaqm1vbO7u1vf2uEqnEpIMFE7IfIEUYjUlHU81IP5EE8YCRXjC+nvq9eyIVFfGdniTE42gY04hipI3k1+qhn7mSw5GQeUP70Qmsuopy6JzDB1g4PDcpu2kXgIvEKUkdlGj7tS83FDjlJNaYIaUGjp1oL0NSU8xIXnVTRRKEx2hIBobGiBPlZcUxOTw2SggjIc2LNSzU3xMZ4kpNeGCSHOmRmvem4n/eINXRpZfROEk1ifFsUZQyqAWcNgNDKgnWbGIIwpKav0I8QhJhbfqrmhKc+ZMXSfe06dhN5/as3roq66iAQ3AEGsABF6AFbkAbdAAGj+AZvII368l6sd6tj1l0ySpnDsAfWJ8/LOeZxQ==</latexit>

http://clipart-library.com/clipart/jonah-fish-cliparts_13.htm

dvisp (t0) ⇠ 14000 Mpc
<latexit sha1_base64="mm+AHyn4ZnLNJ0Omd9IgXGKwH1s=">AAACD3icbVDLSgMxFM34rPU16tJNsCh1UzJS0GXRjRuhgn1Apw6ZTNqGJpkhyRTKUL/Ajb/ixoUibt26829MHwttPXDhcM693HtPmHCmDULfztLyyuraem4jv7m1vbPr7u3XdZwqQmsk5rFqhlhTziStGWY4bSaKYhFy2gj7V2O/MaBKs1jemWFC2wJ3Jeswgo2VAvckCpL7bMD0qGgCdArzvmYCemWEEHyAma8EvEnIKHALqIQmgIvEm5ECmKEauF9+FJNUUGkIx1q3PJSYdoaVYYTTUd5PNU0w6eMubVkqsaC6nU3+GcFjq0SwEytb0sCJ+nsiw0LroQhtp8Cmp+e9sfif10pN56KdMZmkhkoyXdRJOTQxHIcDI6YoMXxoCSaK2Vsh6WGFibER5m0I3vzLi6R+VvJQybstFyqXszhy4BAcgSLwwDmogGtQBTVAwCN4Bq/gzXlyXpx352PauuTMZg7AHzifP4dlmms=</latexit><latexit sha1_base64="mm+AHyn4ZnLNJ0Omd9IgXGKwH1s=">AAACD3icbVDLSgMxFM34rPU16tJNsCh1UzJS0GXRjRuhgn1Apw6ZTNqGJpkhyRTKUL/Ajb/ixoUibt26829MHwttPXDhcM693HtPmHCmDULfztLyyuraem4jv7m1vbPr7u3XdZwqQmsk5rFqhlhTziStGWY4bSaKYhFy2gj7V2O/MaBKs1jemWFC2wJ3Jeswgo2VAvckCpL7bMD0qGgCdArzvmYCemWEEHyAma8EvEnIKHALqIQmgIvEm5ECmKEauF9+FJNUUGkIx1q3PJSYdoaVYYTTUd5PNU0w6eMubVkqsaC6nU3+GcFjq0SwEytb0sCJ+nsiw0LroQhtp8Cmp+e9sfif10pN56KdMZmkhkoyXdRJOTQxHIcDI6YoMXxoCSaK2Vsh6WGFibER5m0I3vzLi6R+VvJQybstFyqXszhy4BAcgSLwwDmogGtQBTVAwCN4Bq/gzXlyXpx352PauuTMZg7AHzifP4dlmms=</latexit><latexit sha1_base64="mm+AHyn4ZnLNJ0Omd9IgXGKwH1s=">AAACD3icbVDLSgMxFM34rPU16tJNsCh1UzJS0GXRjRuhgn1Apw6ZTNqGJpkhyRTKUL/Ajb/ixoUibt26829MHwttPXDhcM693HtPmHCmDULfztLyyuraem4jv7m1vbPr7u3XdZwqQmsk5rFqhlhTziStGWY4bSaKYhFy2gj7V2O/MaBKs1jemWFC2wJ3Jeswgo2VAvckCpL7bMD0qGgCdArzvmYCemWEEHyAma8EvEnIKHALqIQmgIvEm5ECmKEauF9+FJNUUGkIx1q3PJSYdoaVYYTTUd5PNU0w6eMubVkqsaC6nU3+GcFjq0SwEytb0sCJ+nsiw0LroQhtp8Cmp+e9sfif10pN56KdMZmkhkoyXdRJOTQxHIcDI6YoMXxoCSaK2Vsh6WGFibER5m0I3vzLi6R+VvJQybstFyqXszhy4BAcgSLwwDmogGtQBTVAwCN4Bq/gzXlyXpx352PauuTMZg7AHzifP4dlmms=</latexit><latexit sha1_base64="mm+AHyn4ZnLNJ0Omd9IgXGKwH1s=">AAACD3icbVDLSgMxFM34rPU16tJNsCh1UzJS0GXRjRuhgn1Apw6ZTNqGJpkhyRTKUL/Ajb/ixoUibt26829MHwttPXDhcM693HtPmHCmDULfztLyyuraem4jv7m1vbPr7u3XdZwqQmsk5rFqhlhTziStGWY4bSaKYhFy2gj7V2O/MaBKs1jemWFC2wJ3Jeswgo2VAvckCpL7bMD0qGgCdArzvmYCemWEEHyAma8EvEnIKHALqIQmgIvEm5ECmKEauF9+FJNUUGkIx1q3PJSYdoaVYYTTUd5PNU0w6eMubVkqsaC6nU3+GcFjq0SwEytb0sCJ+nsiw0LroQhtp8Cmp+e9sfif10pN56KdMZmkhkoyXdRJOTQxHIcDI6YoMXxoCSaK2Vsh6WGFibER5m0I3vzLi6R+VvJQybstFyqXszhy4BAcgSLwwDmogGtQBTVAwCN4Bq/gzXlyXpx352PauuTMZg7AHzifP4dlmms=</latexit>

dvisp (tf ) = afd
vis
p (t0)

⇠ 3⇥ 10�23 Mpc

⇠ 0.9 m
<latexit sha1_base64="EriHyuRNUkKrGuDbVRQ83MevQ5M="></latexit><latexit sha1_base64="EriHyuRNUkKrGuDbVRQ83MevQ5M="></latexit><latexit sha1_base64="EriHyuRNUkKrGuDbVRQ83MevQ5M="></latexit><latexit sha1_base64="EriHyuRNUkKrGuDbVRQ83MevQ5M="></latexit>

http://clipart-library.com/clipart/jonah-fish-cliparts_13.htm
http://clipart-library.com/clipart/jonah-fish-cliparts_13.htm
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10.4 A Solução via Inflação

Como a inflação resolve os problemas de 
planicidade, do horizonte e do monopolo?

2) Horizonte

d
hor

(t
ls

) ⇠ 200 Mpc
<latexit sha1_base64="N4NJyF1xUhp+9ojZCfy/pMuwJiM=">AAACFnicbZDLSsNAFIYnXmu8RV26GSxCXViSIuiy6MaNUMFeoAlhMpm2Q2eSMDMRSogv4cZXceNCEbfizrdxmmahrT8MfPznHM6cP0gYlcq2v42l5ZXVtfXKhrm5tb2za+3td2ScCkzaOGax6AVIEkYj0lZUMdJLBEE8YKQbjK+m9e49EZLG0Z2aJMTjaBjRAcVIacu3TkM/cwWHo1jkNTVjJvMTaLqSctiwbfgAC/cmwblvVe26XQguglNCFZRq+daXG8Y45SRSmCEp+46dKC9DQlHMSG66qSQJwmM0JH2NEeJEellxVg6PtRPCQSz0ixQs3N8TGeJSTnigOzlSIzlfm5r/1fqpGlx4GY2SVJEIzxYNUgZVDKcZwZAKghWbaEBYUP1XiEdIIKx0kqYOwZk/eRE6jbpj153bs2rzsoyjAg7BEagBB5yDJrgGLdAGGDyCZ/AK3own48V4Nz5mrUtGOXMA/sj4/AHEMJ3U</latexit><latexit sha1_base64="N4NJyF1xUhp+9ojZCfy/pMuwJiM=">AAACFnicbZDLSsNAFIYnXmu8RV26GSxCXViSIuiy6MaNUMFeoAlhMpm2Q2eSMDMRSogv4cZXceNCEbfizrdxmmahrT8MfPznHM6cP0gYlcq2v42l5ZXVtfXKhrm5tb2za+3td2ScCkzaOGax6AVIEkYj0lZUMdJLBEE8YKQbjK+m9e49EZLG0Z2aJMTjaBjRAcVIacu3TkM/cwWHo1jkNTVjJvMTaLqSctiwbfgAC/cmwblvVe26XQguglNCFZRq+daXG8Y45SRSmCEp+46dKC9DQlHMSG66qSQJwmM0JH2NEeJEellxVg6PtRPCQSz0ixQs3N8TGeJSTnigOzlSIzlfm5r/1fqpGlx4GY2SVJEIzxYNUgZVDKcZwZAKghWbaEBYUP1XiEdIIKx0kqYOwZk/eRE6jbpj153bs2rzsoyjAg7BEagBB5yDJrgGLdAGGDyCZ/AK3own48V4Nz5mrUtGOXMA/sj4/AHEMJ3U</latexit><latexit sha1_base64="N4NJyF1xUhp+9ojZCfy/pMuwJiM=">AAACFnicbZDLSsNAFIYnXmu8RV26GSxCXViSIuiy6MaNUMFeoAlhMpm2Q2eSMDMRSogv4cZXceNCEbfizrdxmmahrT8MfPznHM6cP0gYlcq2v42l5ZXVtfXKhrm5tb2za+3td2ScCkzaOGax6AVIEkYj0lZUMdJLBEE8YKQbjK+m9e49EZLG0Z2aJMTjaBjRAcVIacu3TkM/cwWHo1jkNTVjJvMTaLqSctiwbfgAC/cmwblvVe26XQguglNCFZRq+daXG8Y45SRSmCEp+46dKC9DQlHMSG66qSQJwmM0JH2NEeJEellxVg6PtRPCQSz0ixQs3N8TGeJSTnigOzlSIzlfm5r/1fqpGlx4GY2SVJEIzxYNUgZVDKcZwZAKghWbaEBYUP1XiEdIIKx0kqYOwZk/eRE6jbpj153bs2rzsoyjAg7BEagBB5yDJrgGLdAGGDyCZ/AK3own48V4Nz5mrUtGOXMA/sj4/AHEMJ3U</latexit><latexit sha1_base64="N4NJyF1xUhp+9ojZCfy/pMuwJiM=">AAACFnicbZDLSsNAFIYnXmu8RV26GSxCXViSIuiy6MaNUMFeoAlhMpm2Q2eSMDMRSogv4cZXceNCEbfizrdxmmahrT8MfPznHM6cP0gYlcq2v42l5ZXVtfXKhrm5tb2za+3td2ScCkzaOGax6AVIEkYj0lZUMdJLBEE8YKQbjK+m9e49EZLG0Z2aJMTjaBjRAcVIacu3TkM/cwWHo1jkNTVjJvMTaLqSctiwbfgAC/cmwblvVe26XQguglNCFZRq+daXG8Y45SRSmCEp+46dKC9DQlHMSG66qSQJwmM0JH2NEeJEellxVg6PtRPCQSz0ixQs3N8TGeJSTnigOzlSIzlfm5r/1fqpGlx4GY2SVJEIzxYNUgZVDKcZwZAKghWbaEBYUP1XiEdIIKx0kqYOwZk/eRE6jbpj153bs2rzsoyjAg7BEagBB5yDJrgGLdAGGDyCZ/AK3own48V4Nz5mrUtGOXMA/sj4/AHEMJ3U</latexit>

d
hor

(t
ls

) ⇠ 0.25 Mpc
<latexit sha1_base64="1ktBSXbZEEyKTwLcFFl6FySuSKk=">AAACF3icbZDLSsNAFIYnXmu8RV26GSxC3YSkKLosunEjVLAXaEqZTCbt0JkkzEyEEuJTuPFV3LhQxK3ufBunaRba+sPAx3/O4cz5/YRRqRzn21haXlldW69smJtb2zu71t5+W8apwKSFYxaLro8kYTQiLUUVI91EEMR9Rjr++Gpa79wTIWkc3alJQvocDSMaUoyUtgaWHQwyT3A4ikVeUzNmMj+Bpicph45dP4MPsLBvEpwPrKpjO4XgIrglVEGp5sD68oIYp5xECjMkZc91EtXPkFAUM5KbXipJgvAYDUlPY4Q4kf2suCuHx9oJYBgL/SIFC/f3RIa4lBPu606O1EjO16bmf7VeqsKLfkajJFUkwrNFYcqgiuE0JBhQQbBiEw0IC6r/CvEICYSVjtLUIbjzJy9Cu267ju3enlYbl2UcFXAIjkANuOAcNMA1aIIWwOARPINX8GY8GS/Gu/Exa10yypkD8EfG5w9EeJ4R</latexit><latexit sha1_base64="1ktBSXbZEEyKTwLcFFl6FySuSKk=">AAACF3icbZDLSsNAFIYnXmu8RV26GSxC3YSkKLosunEjVLAXaEqZTCbt0JkkzEyEEuJTuPFV3LhQxK3ufBunaRba+sPAx3/O4cz5/YRRqRzn21haXlldW69smJtb2zu71t5+W8apwKSFYxaLro8kYTQiLUUVI91EEMR9Rjr++Gpa79wTIWkc3alJQvocDSMaUoyUtgaWHQwyT3A4ikVeUzNmMj+Bpicph45dP4MPsLBvEpwPrKpjO4XgIrglVEGp5sD68oIYp5xECjMkZc91EtXPkFAUM5KbXipJgvAYDUlPY4Q4kf2suCuHx9oJYBgL/SIFC/f3RIa4lBPu606O1EjO16bmf7VeqsKLfkajJFUkwrNFYcqgiuE0JBhQQbBiEw0IC6r/CvEICYSVjtLUIbjzJy9Cu267ju3enlYbl2UcFXAIjkANuOAcNMA1aIIWwOARPINX8GY8GS/Gu/Exa10yypkD8EfG5w9EeJ4R</latexit><latexit sha1_base64="1ktBSXbZEEyKTwLcFFl6FySuSKk=">AAACF3icbZDLSsNAFIYnXmu8RV26GSxC3YSkKLosunEjVLAXaEqZTCbt0JkkzEyEEuJTuPFV3LhQxK3ufBunaRba+sPAx3/O4cz5/YRRqRzn21haXlldW69smJtb2zu71t5+W8apwKSFYxaLro8kYTQiLUUVI91EEMR9Rjr++Gpa79wTIWkc3alJQvocDSMaUoyUtgaWHQwyT3A4ikVeUzNmMj+Bpicph45dP4MPsLBvEpwPrKpjO4XgIrglVEGp5sD68oIYp5xECjMkZc91EtXPkFAUM5KbXipJgvAYDUlPY4Q4kf2suCuHx9oJYBgL/SIFC/f3RIa4lBPu606O1EjO16bmf7VeqsKLfkajJFUkwrNFYcqgiuE0JBhQQbBiEw0IC6r/CvEICYSVjtLUIbjzJy9Cu267ju3enlYbl2UcFXAIjkANuOAcNMA1aIIWwOARPINX8GY8GS/Gu/Exa10yypkD8EfG5w9EeJ4R</latexit><latexit sha1_base64="1ktBSXbZEEyKTwLcFFl6FySuSKk=">AAACF3icbZDLSsNAFIYnXmu8RV26GSxC3YSkKLosunEjVLAXaEqZTCbt0JkkzEyEEuJTuPFV3LhQxK3ufBunaRba+sPAx3/O4cz5/YRRqRzn21haXlldW69smJtb2zu71t5+W8apwKSFYxaLro8kYTQiLUUVI91EEMR9Rjr++Gpa79wTIWkc3alJQvocDSMaUoyUtgaWHQwyT3A4ikVeUzNmMj+Bpicph45dP4MPsLBvEpwPrKpjO4XgIrglVEGp5sD68oIYp5xECjMkZc91EtXPkFAUM5KbXipJgvAYDUlPY4Q4kf2suCuHx9oJYBgL/SIFC/f3RIa4lBPu606O1EjO16bmf7VeqsKLfkajJFUkwrNFYcqgiuE0JBhQQbBiEw0IC6r/CvEICYSVjtLUIbjzJy9Cu267ju3enlYbl2UcFXAIjkANuOAcNMA1aIIWwOARPINX8GY8GS/Gu/Exa10yypkD8EfG5w9EeJ4R</latexit>

Com inflação: Sem inflação:

d
hor

(tf ) ⇠ 15 m
<latexit sha1_base64="MqicgmiCpAASuUcf2piaaEZwTu8=">AAACDHicbVC7TsMwFHV4lvIqMLJYVEhlqRIEgrGChbFI9CE1UeQ4TmvVjiPbQaqisLPwKywMIMTKB7DxN7hpBmg5kqWjc87V9T1BwqjStv1tLS2vrK6tVzaqm1vbO7u1vf2uEqnEpIMFE7IfIEUYjUlHU81IP5EE8YCRXjC+nvq9eyIVFfGdniTE42gY04hipI3k1+qhn7mSw5GQeUP70Qmsuopy6JzDB1g4PDcpu2kXgIvEKUkdlGj7tS83FDjlJNaYIaUGjp1oL0NSU8xIXnVTRRKEx2hIBobGiBPlZcUxOTw2SggjIc2LNSzU3xMZ4kpNeGCSHOmRmvem4n/eINXRpZfROEk1ifFsUZQyqAWcNgNDKgnWbGIIwpKav0I8QhJhbfqrmhKc+ZMXSfe06dhN5/as3roq66iAQ3AEGsABF6AFbkAbdAAGj+AZvII368l6sd6tj1l0ySpnDsAfWJ8/LOeZxQ==</latexit><latexit sha1_base64="MqicgmiCpAASuUcf2piaaEZwTu8=">AAACDHicbVC7TsMwFHV4lvIqMLJYVEhlqRIEgrGChbFI9CE1UeQ4TmvVjiPbQaqisLPwKywMIMTKB7DxN7hpBmg5kqWjc87V9T1BwqjStv1tLS2vrK6tVzaqm1vbO7u1vf2uEqnEpIMFE7IfIEUYjUlHU81IP5EE8YCRXjC+nvq9eyIVFfGdniTE42gY04hipI3k1+qhn7mSw5GQeUP70Qmsuopy6JzDB1g4PDcpu2kXgIvEKUkdlGj7tS83FDjlJNaYIaUGjp1oL0NSU8xIXnVTRRKEx2hIBobGiBPlZcUxOTw2SggjIc2LNSzU3xMZ4kpNeGCSHOmRmvem4n/eINXRpZfROEk1ifFsUZQyqAWcNgNDKgnWbGIIwpKav0I8QhJhbfqrmhKc+ZMXSfe06dhN5/as3roq66iAQ3AEGsABF6AFbkAbdAAGj+AZvII368l6sd6tj1l0ySpnDsAfWJ8/LOeZxQ==</latexit><latexit sha1_base64="MqicgmiCpAASuUcf2piaaEZwTu8=">AAACDHicbVC7TsMwFHV4lvIqMLJYVEhlqRIEgrGChbFI9CE1UeQ4TmvVjiPbQaqisLPwKywMIMTKB7DxN7hpBmg5kqWjc87V9T1BwqjStv1tLS2vrK6tVzaqm1vbO7u1vf2uEqnEpIMFE7IfIEUYjUlHU81IP5EE8YCRXjC+nvq9eyIVFfGdniTE42gY04hipI3k1+qhn7mSw5GQeUP70Qmsuopy6JzDB1g4PDcpu2kXgIvEKUkdlGj7tS83FDjlJNaYIaUGjp1oL0NSU8xIXnVTRRKEx2hIBobGiBPlZcUxOTw2SggjIc2LNSzU3xMZ4kpNeGCSHOmRmvem4n/eINXRpZfROEk1ifFsUZQyqAWcNgNDKgnWbGIIwpKav0I8QhJhbfqrmhKc+ZMXSfe06dhN5/as3roq66iAQ3AEGsABF6AFbkAbdAAGj+AZvII368l6sd6tj1l0ySpnDsAfWJ8/LOeZxQ==</latexit><latexit sha1_base64="MqicgmiCpAASuUcf2piaaEZwTu8=">AAACDHicbVC7TsMwFHV4lvIqMLJYVEhlqRIEgrGChbFI9CE1UeQ4TmvVjiPbQaqisLPwKywMIMTKB7DxN7hpBmg5kqWjc87V9T1BwqjStv1tLS2vrK6tVzaqm1vbO7u1vf2uEqnEpIMFE7IfIEUYjUlHU81IP5EE8YCRXjC+nvq9eyIVFfGdniTE42gY04hipI3k1+qhn7mSw5GQeUP70Qmsuopy6JzDB1g4PDcpu2kXgIvEKUkdlGj7tS83FDjlJNaYIaUGjp1oL0NSU8xIXnVTRRKEx2hIBobGiBPlZcUxOTw2SggjIc2LNSzU3xMZ4kpNeGCSHOmRmvem4n/eINXRpZfROEk1ifFsUZQyqAWcNgNDKgnWbGIIwpKav0I8QhJhbfqrmhKc+ZMXSfe06dhN5/as3roq66iAQ3AEGsABF6AFbkAbdAAGj+AZvII368l6sd6tj1l0ySpnDsAfWJ8/LOeZxQ==</latexit>

t a(tf ) ⇠ 2⇥ 10�27
<latexit sha1_base64="ygUdUYG+/5+V13Mu+ju6tu2KMIY=">AAACB3icbVDLSsNAFJ3UV42vqEtBBotQF5akCHVZdOOygn1AE8NkOmmHTh7M3AgldOfGX3HjQhG3/oI7/8bpY6GtBy4czrmXe+8JUsEV2Pa3UVhZXVvfKG6aW9s7u3vW/kFLJZmkrEkTkchOQBQTPGZN4CBYJ5WMRIFg7WB4PfHbD0wqnsR3MEqZF5F+zENOCWjJt45JGfzwDJuu4hGuYhd4xBR27Pv8vFob+1bJrthT4GXizEkJzdHwrS+3l9AsYjFQQZTqOnYKXk4kcCrY2HQzxVJCh6TPuprGRG/z8ukfY3yqlR4OE6krBjxVf0/kJFJqFAW6MyIwUIveRPzP62YQXno5j9MMWExni8JMYEjwJBTc45JRECNNCJVc34rpgEhCQUdn6hCcxZeXSataceyKc3tRql/N4yiiI3SCyshBNVRHN6iBmoiiR/SMXtGb8WS8GO/Gx6y1YMxnDtEfGJ8/JZ2W7g==</latexit><latexit sha1_base64="ygUdUYG+/5+V13Mu+ju6tu2KMIY=">AAACB3icbVDLSsNAFJ3UV42vqEtBBotQF5akCHVZdOOygn1AE8NkOmmHTh7M3AgldOfGX3HjQhG3/oI7/8bpY6GtBy4czrmXe+8JUsEV2Pa3UVhZXVvfKG6aW9s7u3vW/kFLJZmkrEkTkchOQBQTPGZN4CBYJ5WMRIFg7WB4PfHbD0wqnsR3MEqZF5F+zENOCWjJt45JGfzwDJuu4hGuYhd4xBR27Pv8vFob+1bJrthT4GXizEkJzdHwrS+3l9AsYjFQQZTqOnYKXk4kcCrY2HQzxVJCh6TPuprGRG/z8ukfY3yqlR4OE6krBjxVf0/kJFJqFAW6MyIwUIveRPzP62YQXno5j9MMWExni8JMYEjwJBTc45JRECNNCJVc34rpgEhCQUdn6hCcxZeXSataceyKc3tRql/N4yiiI3SCyshBNVRHN6iBmoiiR/SMXtGb8WS8GO/Gx6y1YMxnDtEfGJ8/JZ2W7g==</latexit><latexit sha1_base64="ygUdUYG+/5+V13Mu+ju6tu2KMIY=">AAACB3icbVDLSsNAFJ3UV42vqEtBBotQF5akCHVZdOOygn1AE8NkOmmHTh7M3AgldOfGX3HjQhG3/oI7/8bpY6GtBy4czrmXe+8JUsEV2Pa3UVhZXVvfKG6aW9s7u3vW/kFLJZmkrEkTkchOQBQTPGZN4CBYJ5WMRIFg7WB4PfHbD0wqnsR3MEqZF5F+zENOCWjJt45JGfzwDJuu4hGuYhd4xBR27Pv8vFob+1bJrthT4GXizEkJzdHwrS+3l9AsYjFQQZTqOnYKXk4kcCrY2HQzxVJCh6TPuprGRG/z8ukfY3yqlR4OE6krBjxVf0/kJFJqFAW6MyIwUIveRPzP62YQXno5j9MMWExni8JMYEjwJBTc45JRECNNCJVc34rpgEhCQUdn6hCcxZeXSataceyKc3tRql/N4yiiI3SCyshBNVRHN6iBmoiiR/SMXtGb8WS8GO/Gx6y1YMxnDtEfGJ8/JZ2W7g==</latexit><latexit sha1_base64="ygUdUYG+/5+V13Mu+ju6tu2KMIY=">AAACB3icbVDLSsNAFJ3UV42vqEtBBotQF5akCHVZdOOygn1AE8NkOmmHTh7M3AgldOfGX3HjQhG3/oI7/8bpY6GtBy4czrmXe+8JUsEV2Pa3UVhZXVvfKG6aW9s7u3vW/kFLJZmkrEkTkchOQBQTPGZN4CBYJ5WMRIFg7WB4PfHbD0wqnsR3MEqZF5F+zENOCWjJt45JGfzwDJuu4hGuYhd4xBR27Pv8vFob+1bJrthT4GXizEkJzdHwrS+3l9AsYjFQQZTqOnYKXk4kcCrY2HQzxVJCh6TPuprGRG/z8ukfY3yqlR4OE6krBjxVf0/kJFJqFAW6MyIwUIveRPzP62YQXno5j9MMWExni8JMYEjwJBTc45JRECNNCJVc34rpgEhCQUdn6hCcxZeXSataceyKc3tRql/N4yiiI3SCyshBNVRHN6iBmoiiR/SMXtGb8WS8GO/Gx6y1YMxnDtEfGJ8/JZ2W7g==</latexit>

a(tls) = 9.1⇥ 10�4
<latexit sha1_base64="Pa9dGl8OYADzx8AG69fwSUOzkL0=">AAACDHicbVDLSsNAFJ3UV42vqks3g0WoC0siBXUhFN24rGAf0MQymU7aoZMHMzdCCfkAN/6KGxeKuPUD3Pk3TtsstPXAwOGcc7lzjxcLrsCyvo3C0vLK6lpx3dzY3NreKe3utVSUSMqaNBKR7HhEMcFD1gQOgnViyUjgCdb2RtcTv/3ApOJReAfjmLkBGYTc55SAlnqlMqlAL3VkgIXKjvElNi+qNnaAB0xh27pPT2qZTllVawq8SOyclFGORq/05fQjmgQsBCqIUl3bisFNiQROBctMJ1EsJnREBqyraUj0MjedHpPhI630sR9J/ULAU/X3REoCpcaBp5MBgaGa9ybif143Af/cTXkYJ8BCOlvkJwJDhCfN4D6XjIIYa0Ko5PqvmA6JJBR0f6YuwZ4/eZG0Tqu2VbVva+X6VV5HER2gQ1RBNjpDdXSDGqiJKHpEz+gVvRlPxovxbnzMogUjn9lHf2B8/gB9fpi1</latexit><latexit sha1_base64="Pa9dGl8OYADzx8AG69fwSUOzkL0=">AAACDHicbVDLSsNAFJ3UV42vqks3g0WoC0siBXUhFN24rGAf0MQymU7aoZMHMzdCCfkAN/6KGxeKuPUD3Pk3TtsstPXAwOGcc7lzjxcLrsCyvo3C0vLK6lpx3dzY3NreKe3utVSUSMqaNBKR7HhEMcFD1gQOgnViyUjgCdb2RtcTv/3ApOJReAfjmLkBGYTc55SAlnqlMqlAL3VkgIXKjvElNi+qNnaAB0xh27pPT2qZTllVawq8SOyclFGORq/05fQjmgQsBCqIUl3bisFNiQROBctMJ1EsJnREBqyraUj0MjedHpPhI630sR9J/ULAU/X3REoCpcaBp5MBgaGa9ybif143Af/cTXkYJ8BCOlvkJwJDhCfN4D6XjIIYa0Ko5PqvmA6JJBR0f6YuwZ4/eZG0Tqu2VbVva+X6VV5HER2gQ1RBNjpDdXSDGqiJKHpEz+gVvRlPxovxbnzMogUjn9lHf2B8/gB9fpi1</latexit><latexit sha1_base64="Pa9dGl8OYADzx8AG69fwSUOzkL0=">AAACDHicbVDLSsNAFJ3UV42vqks3g0WoC0siBXUhFN24rGAf0MQymU7aoZMHMzdCCfkAN/6KGxeKuPUD3Pk3TtsstPXAwOGcc7lzjxcLrsCyvo3C0vLK6lpx3dzY3NreKe3utVSUSMqaNBKR7HhEMcFD1gQOgnViyUjgCdb2RtcTv/3ApOJReAfjmLkBGYTc55SAlnqlMqlAL3VkgIXKjvElNi+qNnaAB0xh27pPT2qZTllVawq8SOyclFGORq/05fQjmgQsBCqIUl3bisFNiQROBctMJ1EsJnREBqyraUj0MjedHpPhI630sR9J/ULAU/X3REoCpcaBp5MBgaGa9ybif143Af/cTXkYJ8BCOlvkJwJDhCfN4D6XjIIYa0Ko5PqvmA6JJBR0f6YuwZ4/eZG0Tqu2VbVva+X6VV5HER2gQ1RBNjpDdXSDGqiJKHpEz+gVvRlPxovxbnzMogUjn9lHf2B8/gB9fpi1</latexit><latexit sha1_base64="Pa9dGl8OYADzx8AG69fwSUOzkL0=">AAACDHicbVDLSsNAFJ3UV42vqks3g0WoC0siBXUhFN24rGAf0MQymU7aoZMHMzdCCfkAN/6KGxeKuPUD3Pk3TtsstPXAwOGcc7lzjxcLrsCyvo3C0vLK6lpx3dzY3NreKe3utVSUSMqaNBKR7HhEMcFD1gQOgnViyUjgCdb2RtcTv/3ApOJReAfjmLkBGYTc55SAlnqlMqlAL3VkgIXKjvElNi+qNnaAB0xh27pPT2qZTllVawq8SOyclFGORq/05fQjmgQsBCqIUl3bisFNiQROBctMJ1EsJnREBqyraUj0MjedHpPhI630sR9J/ULAU/X3REoCpcaBp5MBgaGa9ybif143Af/cTXkYJ8BCOlvkJwJDhCfN4D6XjIIYa0Ko5PqvmA6JJBR0f6YuwZ4/eZG0Tqu2VbVva+X6VV5HER2gQ1RBNjpDdXSDGqiJKHpEz+gVvRlPxovxbnzMogUjn9lHf2B8/gB9fpi1</latexit>

é 800 x maior

Suficientemente 
grande para que os 

pontos antipodais na 
LSS fossem 
causalmente 
conectados.
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10.4 A Solução via Inflação

p q
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10.4 A Solução via Inflação

dhor(tLSS) qp
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10.4 A Solução via Inflação

qp
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10.4 A Solução via Inflação

Como a inflação resolve os problemas de 
planicidade, do horizonte e do monopolo?

2) Horizonte

N = 65
<latexit sha1_base64="1LOWo9/kFzaddyIjZlf9JacmPDI=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OJJIpgHJEuYncwmY2ZnlplZISz5By8eFPHq/3jzb5xN9qCJBQ1FVTfdXUHMmTau++0UlpZXVteK66WNza3tnfLuXlPLRBHaIJJL1Q6wppwJ2jDMcNqOFcVRwGkrGN1kfuuJKs2keDDjmPoRHggWMoKNlZp36Or8rNQrV9yqOwVaJF5OKpCj3it/dfuSJBEVhnCsdcdzY+OnWBlGOJ2UuommMSYjPKAdSwWOqPbT6bUTdGSVPgqlsiUMmqq/J1IcaT2OAtsZYTPU814m/ud1EhNe+ikTcWKoILNFYcKRkSh7HfWZosTwsSWYKGZvRWSIFSbGBpSF4M2/vEiaJ1XPrXr3p5XadR5HEQ7gEI7BgwuowS3UoQEEHuEZXuHNkc6L8+58zFoLTj6zD3/gfP4AoN2N1g==</latexit><latexit sha1_base64="1LOWo9/kFzaddyIjZlf9JacmPDI=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OJJIpgHJEuYncwmY2ZnlplZISz5By8eFPHq/3jzb5xN9qCJBQ1FVTfdXUHMmTau++0UlpZXVteK66WNza3tnfLuXlPLRBHaIJJL1Q6wppwJ2jDMcNqOFcVRwGkrGN1kfuuJKs2keDDjmPoRHggWMoKNlZp36Or8rNQrV9yqOwVaJF5OKpCj3it/dfuSJBEVhnCsdcdzY+OnWBlGOJ2UuommMSYjPKAdSwWOqPbT6bUTdGSVPgqlsiUMmqq/J1IcaT2OAtsZYTPU814m/ud1EhNe+ikTcWKoILNFYcKRkSh7HfWZosTwsSWYKGZvRWSIFSbGBpSF4M2/vEiaJ1XPrXr3p5XadR5HEQ7gEI7BgwuowS3UoQEEHuEZXuHNkc6L8+58zFoLTj6zD3/gfP4AoN2N1g==</latexit><latexit sha1_base64="1LOWo9/kFzaddyIjZlf9JacmPDI=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OJJIpgHJEuYncwmY2ZnlplZISz5By8eFPHq/3jzb5xN9qCJBQ1FVTfdXUHMmTau++0UlpZXVteK66WNza3tnfLuXlPLRBHaIJJL1Q6wppwJ2jDMcNqOFcVRwGkrGN1kfuuJKs2keDDjmPoRHggWMoKNlZp36Or8rNQrV9yqOwVaJF5OKpCj3it/dfuSJBEVhnCsdcdzY+OnWBlGOJ2UuommMSYjPKAdSwWOqPbT6bUTdGSVPgqlsiUMmqq/J1IcaT2OAtsZYTPU814m/ud1EhNe+ikTcWKoILNFYcKRkSh7HfWZosTwsSWYKGZvRWSIFSbGBpSF4M2/vEiaJ1XPrXr3p5XadR5HEQ7gEI7BgwuowS3UoQEEHuEZXuHNkc6L8+58zFoLTj6zD3/gfP4AoN2N1g==</latexit><latexit sha1_base64="1LOWo9/kFzaddyIjZlf9JacmPDI=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OJJIpgHJEuYncwmY2ZnlplZISz5By8eFPHq/3jzb5xN9qCJBQ1FVTfdXUHMmTau++0UlpZXVteK66WNza3tnfLuXlPLRBHaIJJL1Q6wppwJ2jDMcNqOFcVRwGkrGN1kfuuJKs2keDDjmPoRHggWMoKNlZp36Or8rNQrV9yqOwVaJF5OKpCj3it/dfuSJBEVhnCsdcdzY+OnWBlGOJ2UuommMSYjPKAdSwWOqPbT6bUTdGSVPgqlsiUMmqq/J1IcaT2OAtsZYTPU814m/ud1EhNe+ikTcWKoILNFYcKRkSh7HfWZosTwsSWYKGZvRWSIFSbGBpSF4M2/vEiaJ1XPrXr3p5XadR5HEQ7gEI7BgwuowS3UoQEEHuEZXuHNkc6L8+58zFoLTj6zD3/gfP4AoN2N1g==</latexit>

Imediatamente antes do período inflacionário, o Universo atualmente visível 
estava reduzido à uma esfera de raio próprio:

d
hor

(ti) = 2cti ⇡ 6⇥ 10�28 m
<latexit sha1_base64="8ugVF+DfoUACVJx0pYpp4BaPDXk="></latexit><latexit sha1_base64="8ugVF+DfoUACVJx0pYpp4BaPDXk="></latexit><latexit sha1_base64="8ugVF+DfoUACVJx0pYpp4BaPDXk="></latexit><latexit sha1_base64="8ugVF+DfoUACVJx0pYpp4BaPDXk="></latexit>

Comparar com o tamanho do horizonte imediatamente antes da inflação:

dvisp (ti) = e�Ndvisp (tf ) ⇠ 4⇥ 10�29 m
<latexit sha1_base64="sibMpD0mwk21mi1v1VcliR4E7KA="></latexit><latexit sha1_base64="sibMpD0mwk21mi1v1VcliR4E7KA="></latexit><latexit sha1_base64="sibMpD0mwk21mi1v1VcliR4E7KA="></latexit><latexit sha1_base64="sibMpD0mwk21mi1v1VcliR4E7KA="></latexit>

E antes da inflação?
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10.4 A Solução via Inflação

Como a inflação resolve os problemas de 
planicidade, do horizonte e do monopolo?

2) Horizonte

d
hor

(ti) = 2cti ⇡ 6⇥ 10�28 m
<latexit sha1_base64="8ugVF+DfoUACVJx0pYpp4BaPDXk="></latexit><latexit sha1_base64="8ugVF+DfoUACVJx0pYpp4BaPDXk="></latexit><latexit sha1_base64="8ugVF+DfoUACVJx0pYpp4BaPDXk="></latexit><latexit sha1_base64="8ugVF+DfoUACVJx0pYpp4BaPDXk="></latexit>

Portanto, o volume do Universo visível hoje, para um número mínimo de e-
foldings, teve tempo de trocar informação (contato causal) e alcançar 
uniformidade antes do início da inflação.

dvisp (ti) = e�Ndvisp (tf ) ⇠ 4⇥ 10�29 m
<latexit sha1_base64="sibMpD0mwk21mi1v1VcliR4E7KA="></latexit><latexit sha1_base64="sibMpD0mwk21mi1v1VcliR4E7KA="></latexit><latexit sha1_base64="sibMpD0mwk21mi1v1VcliR4E7KA="></latexit><latexit sha1_base64="sibMpD0mwk21mi1v1VcliR4E7KA="></latexit>

d
hor

(tf ) ⇠ 15 m
<latexit sha1_base64="MqicgmiCpAASuUcf2piaaEZwTu8=">AAACDHicbVC7TsMwFHV4lvIqMLJYVEhlqRIEgrGChbFI9CE1UeQ4TmvVjiPbQaqisLPwKywMIMTKB7DxN7hpBmg5kqWjc87V9T1BwqjStv1tLS2vrK6tVzaqm1vbO7u1vf2uEqnEpIMFE7IfIEUYjUlHU81IP5EE8YCRXjC+nvq9eyIVFfGdniTE42gY04hipI3k1+qhn7mSw5GQeUP70Qmsuopy6JzDB1g4PDcpu2kXgIvEKUkdlGj7tS83FDjlJNaYIaUGjp1oL0NSU8xIXnVTRRKEx2hIBobGiBPlZcUxOTw2SggjIc2LNSzU3xMZ4kpNeGCSHOmRmvem4n/eINXRpZfROEk1ifFsUZQyqAWcNgNDKgnWbGIIwpKav0I8QhJhbfqrmhKc+ZMXSfe06dhN5/as3roq66iAQ3AEGsABF6AFbkAbdAAGj+AZvII368l6sd6tj1l0ySpnDsAfWJ8/LOeZxQ==</latexit><latexit sha1_base64="MqicgmiCpAASuUcf2piaaEZwTu8=">AAACDHicbVC7TsMwFHV4lvIqMLJYVEhlqRIEgrGChbFI9CE1UeQ4TmvVjiPbQaqisLPwKywMIMTKB7DxN7hpBmg5kqWjc87V9T1BwqjStv1tLS2vrK6tVzaqm1vbO7u1vf2uEqnEpIMFE7IfIEUYjUlHU81IP5EE8YCRXjC+nvq9eyIVFfGdniTE42gY04hipI3k1+qhn7mSw5GQeUP70Qmsuopy6JzDB1g4PDcpu2kXgIvEKUkdlGj7tS83FDjlJNaYIaUGjp1oL0NSU8xIXnVTRRKEx2hIBobGiBPlZcUxOTw2SggjIc2LNSzU3xMZ4kpNeGCSHOmRmvem4n/eINXRpZfROEk1ifFsUZQyqAWcNgNDKgnWbGIIwpKav0I8QhJhbfqrmhKc+ZMXSfe06dhN5/as3roq66iAQ3AEGsABF6AFbkAbdAAGj+AZvII368l6sd6tj1l0ySpnDsAfWJ8/LOeZxQ==</latexit><latexit sha1_base64="MqicgmiCpAASuUcf2piaaEZwTu8=">AAACDHicbVC7TsMwFHV4lvIqMLJYVEhlqRIEgrGChbFI9CE1UeQ4TmvVjiPbQaqisLPwKywMIMTKB7DxN7hpBmg5kqWjc87V9T1BwqjStv1tLS2vrK6tVzaqm1vbO7u1vf2uEqnEpIMFE7IfIEUYjUlHU81IP5EE8YCRXjC+nvq9eyIVFfGdniTE42gY04hipI3k1+qhn7mSw5GQeUP70Qmsuopy6JzDB1g4PDcpu2kXgIvEKUkdlGj7tS83FDjlJNaYIaUGjp1oL0NSU8xIXnVTRRKEx2hIBobGiBPlZcUxOTw2SggjIc2LNSzU3xMZ4kpNeGCSHOmRmvem4n/eINXRpZfROEk1ifFsUZQyqAWcNgNDKgnWbGIIwpKav0I8QhJhbfqrmhKc+ZMXSfe06dhN5/as3roq66iAQ3AEGsABF6AFbkAbdAAGj+AZvII368l6sd6tj1l0ySpnDsAfWJ8/LOeZxQ==</latexit><latexit sha1_base64="MqicgmiCpAASuUcf2piaaEZwTu8=">AAACDHicbVC7TsMwFHV4lvIqMLJYVEhlqRIEgrGChbFI9CE1UeQ4TmvVjiPbQaqisLPwKywMIMTKB7DxN7hpBmg5kqWjc87V9T1BwqjStv1tLS2vrK6tVzaqm1vbO7u1vf2uEqnEpIMFE7IfIEUYjUlHU81IP5EE8YCRXjC+nvq9eyIVFfGdniTE42gY04hipI3k1+qhn7mSw5GQeUP70Qmsuopy6JzDB1g4PDcpu2kXgIvEKUkdlGj7tS83FDjlJNaYIaUGjp1oL0NSU8xIXnVTRRKEx2hIBobGiBPlZcUxOTw2SggjIc2LNSzU3xMZ4kpNeGCSHOmRmvem4n/eINXRpZfROEk1ifFsUZQyqAWcNgNDKgnWbGIIwpKav0I8QhJhbfqrmhKc+ZMXSfe06dhN5/as3roq66iAQ3AEGsABF6AFbkAbdAAGj+AZvII368l6sd6tj1l0ySpnDsAfWJ8/LOeZxQ==</latexit>

dvisp (tf ) ⇠ 0.9 m
<latexit sha1_base64="z2nWQaxofvI4yWWBqFqFrGFExx4=">AAACCnicbVDLSsNAFJ3UV42vqEs3o0Wom5KIoO6KblxWsA9oY5hMJ+3QmUmYmRRKqFs3/oobF4q49Qvc+TdO2yy09cCFwzn3cu89YcKo0q77bRWWlldW14rr9sbm1vaOs7vXUHEqManjmMWyFSJFGBWkrqlmpJVIgnjISDMcXE/85pBIRWNxp0cJ8TnqCRpRjLSRAuewGyT32ZCqcVkH0Qm0O4py6FYu4UPWkRzyceCU3Io7BVwkXk5KIEctcL463RinnAiNGVKq7bmJ9jMkNcWMjO1OqkiC8AD1SNtQgThRfjZ9ZQyPjdKFUSxNCQ2n6u+JDHGlRjw0nRzpvpr3JuJ/XjvV0YWfUZGkmgg8WxSlDOoYTnKBXSoJ1mxkCMKSmlsh7iOJsDbp2SYEb/7lRdI4rXhuxbs9K1Wv8jiK4AAcgTLwwDmoghtQA3WAwSN4Bq/gzXqyXqx362PWWrDymX3wB9bnDyEomT4=</latexit><latexit sha1_base64="z2nWQaxofvI4yWWBqFqFrGFExx4=">AAACCnicbVDLSsNAFJ3UV42vqEs3o0Wom5KIoO6KblxWsA9oY5hMJ+3QmUmYmRRKqFs3/oobF4q49Qvc+TdO2yy09cCFwzn3cu89YcKo0q77bRWWlldW14rr9sbm1vaOs7vXUHEqManjmMWyFSJFGBWkrqlmpJVIgnjISDMcXE/85pBIRWNxp0cJ8TnqCRpRjLSRAuewGyT32ZCqcVkH0Qm0O4py6FYu4UPWkRzyceCU3Io7BVwkXk5KIEctcL463RinnAiNGVKq7bmJ9jMkNcWMjO1OqkiC8AD1SNtQgThRfjZ9ZQyPjdKFUSxNCQ2n6u+JDHGlRjw0nRzpvpr3JuJ/XjvV0YWfUZGkmgg8WxSlDOoYTnKBXSoJ1mxkCMKSmlsh7iOJsDbp2SYEb/7lRdI4rXhuxbs9K1Wv8jiK4AAcgTLwwDmoghtQA3WAwSN4Bq/gzXqyXqx362PWWrDymX3wB9bnDyEomT4=</latexit><latexit sha1_base64="z2nWQaxofvI4yWWBqFqFrGFExx4=">AAACCnicbVDLSsNAFJ3UV42vqEs3o0Wom5KIoO6KblxWsA9oY5hMJ+3QmUmYmRRKqFs3/oobF4q49Qvc+TdO2yy09cCFwzn3cu89YcKo0q77bRWWlldW14rr9sbm1vaOs7vXUHEqManjmMWyFSJFGBWkrqlmpJVIgnjISDMcXE/85pBIRWNxp0cJ8TnqCRpRjLSRAuewGyT32ZCqcVkH0Qm0O4py6FYu4UPWkRzyceCU3Io7BVwkXk5KIEctcL463RinnAiNGVKq7bmJ9jMkNcWMjO1OqkiC8AD1SNtQgThRfjZ9ZQyPjdKFUSxNCQ2n6u+JDHGlRjw0nRzpvpr3JuJ/XjvV0YWfUZGkmgg8WxSlDOoYTnKBXSoJ1mxkCMKSmlsh7iOJsDbp2SYEb/7lRdI4rXhuxbs9K1Wv8jiK4AAcgTLwwDmoghtQA3WAwSN4Bq/gzXqyXqx362PWWrDymX3wB9bnDyEomT4=</latexit><latexit sha1_base64="z2nWQaxofvI4yWWBqFqFrGFExx4=">AAACCnicbVDLSsNAFJ3UV42vqEs3o0Wom5KIoO6KblxWsA9oY5hMJ+3QmUmYmRRKqFs3/oobF4q49Qvc+TdO2yy09cCFwzn3cu89YcKo0q77bRWWlldW14rr9sbm1vaOs7vXUHEqManjmMWyFSJFGBWkrqlmpJVIgnjISDMcXE/85pBIRWNxp0cJ8TnqCRpRjLSRAuewGyT32ZCqcVkH0Qm0O4py6FYu4UPWkRzyceCU3Io7BVwkXk5KIEctcL463RinnAiNGVKq7bmJ9jMkNcWMjO1OqkiC8AD1SNtQgThRfjZ9ZQyPjdKFUSxNCQ2n6u+JDHGlRjw0nRzpvpr3JuJ/XjvV0YWfUZGkmgg8WxSlDOoYTnKBXSoJ1mxkCMKSmlsh7iOJsDbp2SYEb/7lRdI4rXhuxbs9K1Wv8jiK4AAcgTLwwDmoghtQA3WAwSN4Bq/gzXqyXqx362PWWrDymX3wB9bnDyEomT4=</latexit>
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10.4 A Solução via Inflação

Como a inflação resolve os problemas de 
planicidade, do horizonte e do monopolo?

2) Horizonte

Nota: estritamente, todas as “distâncias ao horizonte” 
mencionadas em aulas anteriores devem se referir não 
à distância atravessada pela luz desde o Big Bang 
(“t=0”) mas sim desde o fim da inflação (“t ~ 10-34 s”).
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10.4 A Solução via Inflação

Como a inflação resolve os problemas de 
planicidade, do horizonte e do monopolo?

3) Monopolo
Se monopolos magnéticos foram criados antes ou durante a inflação, então a densidade 
numérica nM de monopolos teria sido diluída a um nível não-detectável hoje.

nM / e�3Hit
<latexit sha1_base64="qwRRPYyHrwPAkKHoHEyonRUmNGM=">AAACBXicbVDLSgMxFM34rPU16lIXwSK4scyooMuim26ECvYBnXHIpJk2NMkMSUYow2zc+CtuXCji1n9w59+YtrPQ1gOBwzn3cnNOmDCqtON8WwuLS8srq6W18vrG5ta2vbPbUnEqMWnimMWyEyJFGBWkqalmpJNIgnjISDscXo/99gORisbiTo8S4nPUFzSiGGkjBfaBCDJPcniTQy+RcaJjSO6zk7N6QHUe2BWn6kwA54lbkAoo0AjsL68X45QToTFDSnVdJ9F+hqSmmJG87KWKJAgPUZ90DRWIE+VnkxQ5PDJKD0axNE9oOFF/b2SIKzXioZnkSA/UrDcW//O6qY4u/YyKJNVE4OmhKGXQZB1XAntUEqzZyBCEJTV/hXiAJMLaFFc2JbizkedJ67TqOlX39rxSuyrqKIF9cAiOgQsuQA3UQQM0AQaP4Bm8gjfryXqx3q2P6eiCVezsgT+wPn8AuNyYDw==</latexit><latexit sha1_base64="qwRRPYyHrwPAkKHoHEyonRUmNGM=">AAACBXicbVDLSgMxFM34rPU16lIXwSK4scyooMuim26ECvYBnXHIpJk2NMkMSUYow2zc+CtuXCji1n9w59+YtrPQ1gOBwzn3cnNOmDCqtON8WwuLS8srq6W18vrG5ta2vbPbUnEqMWnimMWyEyJFGBWkqalmpJNIgnjISDscXo/99gORisbiTo8S4nPUFzSiGGkjBfaBCDJPcniTQy+RcaJjSO6zk7N6QHUe2BWn6kwA54lbkAoo0AjsL68X45QToTFDSnVdJ9F+hqSmmJG87KWKJAgPUZ90DRWIE+VnkxQ5PDJKD0axNE9oOFF/b2SIKzXioZnkSA/UrDcW//O6qY4u/YyKJNVE4OmhKGXQZB1XAntUEqzZyBCEJTV/hXiAJMLaFFc2JbizkedJ67TqOlX39rxSuyrqKIF9cAiOgQsuQA3UQQM0AQaP4Bm8gjfryXqx3q2P6eiCVezsgT+wPn8AuNyYDw==</latexit><latexit sha1_base64="qwRRPYyHrwPAkKHoHEyonRUmNGM=">AAACBXicbVDLSgMxFM34rPU16lIXwSK4scyooMuim26ECvYBnXHIpJk2NMkMSUYow2zc+CtuXCji1n9w59+YtrPQ1gOBwzn3cnNOmDCqtON8WwuLS8srq6W18vrG5ta2vbPbUnEqMWnimMWyEyJFGBWkqalmpJNIgnjISDscXo/99gORisbiTo8S4nPUFzSiGGkjBfaBCDJPcniTQy+RcaJjSO6zk7N6QHUe2BWn6kwA54lbkAoo0AjsL68X45QToTFDSnVdJ9F+hqSmmJG87KWKJAgPUZ90DRWIE+VnkxQ5PDJKD0axNE9oOFF/b2SIKzXioZnkSA/UrDcW//O6qY4u/YyKJNVE4OmhKGXQZB1XAntUEqzZyBCEJTV/hXiAJMLaFFc2JbizkedJ67TqOlX39rxSuyrqKIF9cAiOgQsuQA3UQQM0AQaP4Bm8gjfryXqx3q2P6eiCVezsgT+wPn8AuNyYDw==</latexit><latexit sha1_base64="qwRRPYyHrwPAkKHoHEyonRUmNGM=">AAACBXicbVDLSgMxFM34rPU16lIXwSK4scyooMuim26ECvYBnXHIpJk2NMkMSUYow2zc+CtuXCji1n9w59+YtrPQ1gOBwzn3cnNOmDCqtON8WwuLS8srq6W18vrG5ta2vbPbUnEqMWnimMWyEyJFGBWkqalmpJNIgnjISDscXo/99gORisbiTo8S4nPUFzSiGGkjBfaBCDJPcniTQy+RcaJjSO6zk7N6QHUe2BWn6kwA54lbkAoo0AjsL68X45QToTFDSnVdJ9F+hqSmmJG87KWKJAgPUZ90DRWIE+VnkxQ5PDJKD0axNE9oOFF/b2SIKzXioZnkSA/UrDcW//O6qY4u/YyKJNVE4OmhKGXQZB1XAntUEqzZyBCEJTV/hXiAJMLaFFc2JbizkedJ67TqOlX39rxSuyrqKIF9cAiOgQsuQA3UQQM0AQaP4Bm8gjfryXqx3q2P6eiCVezsgT+wPn8AuNyYDw==</latexit>

No período inflacionário, se monopolos não 
foram destruídos ou criados.

nM(tGUT) ⇡ 1082 m�3
<latexit sha1_base64="s9z9VQwn61uYSmHjQTUIlT7LWho="></latexit><latexit sha1_base64="s9z9VQwn61uYSmHjQTUIlT7LWho="></latexit><latexit sha1_base64="s9z9VQwn61uYSmHjQTUIlT7LWho="></latexit><latexit sha1_base64="s9z9VQwn61uYSmHjQTUIlT7LWho="></latexit>

nM(tf ) = e�195nM(tGUT) ⇡ 0.002 m�3
<latexit sha1_base64="0VM8Ut8da8WLE88KRo94CAMH0Us="></latexit><latexit sha1_base64="0VM8Ut8da8WLE88KRo94CAMH0Us="></latexit><latexit sha1_base64="0VM8Ut8da8WLE88KRo94CAMH0Us="></latexit><latexit sha1_base64="0VM8Ut8da8WLE88KRo94CAMH0Us="></latexit>

a(tf ) ⇠ 2⇥ 10�27 7! a0 = 1
<latexit sha1_base64="nKE1UA60vG24RuTvjdgCHvO6sEM=">AAACF3icbVDLSsNAFJ34rPFVdelmsAi6sCRFqBuh6MZlBatCU8PNdNIOziRh5kYooX/hxl9x40IRt7rzb5w+Fr4ODBzOuZc750SZFAY979OZmZ2bX1gsLbnLK6tr6+WNzUuT5prxFktlqq8jMFyKhLdQoOTXmeagIsmvotvTkX91x7URaXKBg4x3FPQSEQsGaKWwXIU9DON9NzBCuTUaoFDcUN+7KQ5q9SF1AwWZwZRC6NFj6oflilf1xqB/iT8lFTJFMyx/BN2U5YonyCQY0/a9DDsFaBRM8qEb5IZnwG6hx9uWJmDPd4pxriHdtUqXxqm2L0E6Vr9vFKCMGajITirAvvntjcT/vHaO8VGnEEmWI0/Y5FCcS2qDjkqiXaE5QzmwBJgW9q+U9UEDQ1ula0vwf0f+Sy5rVd+r+ueHlcbJtI4S2SY7ZI/4pE4a5Iw0SYswck8eyTN5cR6cJ+fVeZuMzjjTnS3yA877FzpznDA=</latexit><latexit sha1_base64="nKE1UA60vG24RuTvjdgCHvO6sEM=">AAACF3icbVDLSsNAFJ34rPFVdelmsAi6sCRFqBuh6MZlBatCU8PNdNIOziRh5kYooX/hxl9x40IRt7rzb5w+Fr4ODBzOuZc750SZFAY979OZmZ2bX1gsLbnLK6tr6+WNzUuT5prxFktlqq8jMFyKhLdQoOTXmeagIsmvotvTkX91x7URaXKBg4x3FPQSEQsGaKWwXIU9DON9NzBCuTUaoFDcUN+7KQ5q9SF1AwWZwZRC6NFj6oflilf1xqB/iT8lFTJFMyx/BN2U5YonyCQY0/a9DDsFaBRM8qEb5IZnwG6hx9uWJmDPd4pxriHdtUqXxqm2L0E6Vr9vFKCMGajITirAvvntjcT/vHaO8VGnEEmWI0/Y5FCcS2qDjkqiXaE5QzmwBJgW9q+U9UEDQ1ula0vwf0f+Sy5rVd+r+ueHlcbJtI4S2SY7ZI/4pE4a5Iw0SYswck8eyTN5cR6cJ+fVeZuMzjjTnS3yA877FzpznDA=</latexit><latexit sha1_base64="nKE1UA60vG24RuTvjdgCHvO6sEM=">AAACF3icbVDLSsNAFJ34rPFVdelmsAi6sCRFqBuh6MZlBatCU8PNdNIOziRh5kYooX/hxl9x40IRt7rzb5w+Fr4ODBzOuZc750SZFAY979OZmZ2bX1gsLbnLK6tr6+WNzUuT5prxFktlqq8jMFyKhLdQoOTXmeagIsmvotvTkX91x7URaXKBg4x3FPQSEQsGaKWwXIU9DON9NzBCuTUaoFDcUN+7KQ5q9SF1AwWZwZRC6NFj6oflilf1xqB/iT8lFTJFMyx/BN2U5YonyCQY0/a9DDsFaBRM8qEb5IZnwG6hx9uWJmDPd4pxriHdtUqXxqm2L0E6Vr9vFKCMGajITirAvvntjcT/vHaO8VGnEEmWI0/Y5FCcS2qDjkqiXaE5QzmwBJgW9q+U9UEDQ1ula0vwf0f+Sy5rVd+r+ueHlcbJtI4S2SY7ZI/4pE4a5Iw0SYswck8eyTN5cR6cJ+fVeZuMzjjTnS3yA877FzpznDA=</latexit><latexit sha1_base64="nKE1UA60vG24RuTvjdgCHvO6sEM=">AAACF3icbVDLSsNAFJ34rPFVdelmsAi6sCRFqBuh6MZlBatCU8PNdNIOziRh5kYooX/hxl9x40IRt7rzb5w+Fr4ODBzOuZc750SZFAY979OZmZ2bX1gsLbnLK6tr6+WNzUuT5prxFktlqq8jMFyKhLdQoOTXmeagIsmvotvTkX91x7URaXKBg4x3FPQSEQsGaKWwXIU9DON9NzBCuTUaoFDcUN+7KQ5q9SF1AwWZwZRC6NFj6oflilf1xqB/iT8lFTJFMyx/BN2U5YonyCQY0/a9DDsFaBRM8qEb5IZnwG6hx9uWJmDPd4pxriHdtUqXxqm2L0E6Vr9vFKCMGajITirAvvntjcT/vHaO8VGnEEmWI0/Y5FCcS2qDjkqiXaE5QzmwBJgW9q+U9UEDQ1ula0vwf0f+Sy5rVd+r+ueHlcbJtI4S2SY7ZI/4pE4a5Iw0SYswck8eyTN5cR6cJ+fVeZuMzjjTnS3yA877FzpznDA=</latexit>

nM(t0) ⇡ 2⇥ 10�83 m�3 ⇡ 5⇥ 10�16 Mpc�3
<latexit sha1_base64="VvA8OH2MfBO2LupgOE6YsUY9FMU="></latexit><latexit sha1_base64="VvA8OH2MfBO2LupgOE6YsUY9FMU="></latexit><latexit sha1_base64="VvA8OH2MfBO2LupgOE6YsUY9FMU="></latexit><latexit sha1_base64="VvA8OH2MfBO2LupgOE6YsUY9FMU="></latexit>

, temos:



10.5 A Física da Inflação
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Algumas questões:

• O que “aciona” a inflação em t = ti e a “desliga” em t = tf?

• Por que a inflação não reduz também os fótons para níveis não-
detectáveis?

• Se a inflação é tão eficiente para aplanar a curvatura global do 
Universo, por que também não aplana a curvatura local devido às 
flutuações na densidade de energia? 
(Nota: sabemos que o Universo não era perfeitamente homogêneo após a inflação dada as 
anisotropias da CMBR).
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10.5 A Física da Inflação

Faremos considerações genéricas da física envolvida.

�(~r, t)
<latexit sha1_base64="CkuyjAmqUoWqMdQg/ImfhTNcKFc=">AAAB+HicbVBNS8NAEJ34WetHox69BItQQUoigh6LXjxWsB/QhLLZTtulm03Y3RRq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwoQzpV3321pb39jc2i7sFHf39g9K9uFRU8WppNigMY9lOyQKORPY0ExzbCcSSRRybIWju5nfGqNULBaPepJgEJGBYH1GiTZS1y75yZBV/DHSTE4v9HnXLrtVdw5nlXg5KUOOetf+8nsxTSMUmnKiVMdzEx1kRGpGOU6LfqowIXREBtgxVJAIVZDND586Z0bpOf1YmhLamau/JzISKTWJQtMZET1Uy95M/M/rpLp/E2RMJKlGQReL+il3dOzMUnB6TCLVfGIIoZKZWx06JJJQbbIqmhC85ZdXSfOy6rlV7+GqXLvN4yjACZxCBTy4hhrcQx0aQCGFZ3iFN+vJerHerY9F65qVzxzDH1ifP0dHktM=</latexit><latexit sha1_base64="CkuyjAmqUoWqMdQg/ImfhTNcKFc=">AAAB+HicbVBNS8NAEJ34WetHox69BItQQUoigh6LXjxWsB/QhLLZTtulm03Y3RRq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwoQzpV3321pb39jc2i7sFHf39g9K9uFRU8WppNigMY9lOyQKORPY0ExzbCcSSRRybIWju5nfGqNULBaPepJgEJGBYH1GiTZS1y75yZBV/DHSTE4v9HnXLrtVdw5nlXg5KUOOetf+8nsxTSMUmnKiVMdzEx1kRGpGOU6LfqowIXREBtgxVJAIVZDND586Z0bpOf1YmhLamau/JzISKTWJQtMZET1Uy95M/M/rpLp/E2RMJKlGQReL+il3dOzMUnB6TCLVfGIIoZKZWx06JJJQbbIqmhC85ZdXSfOy6rlV7+GqXLvN4yjACZxCBTy4hhrcQx0aQCGFZ3iFN+vJerHerY9F65qVzxzDH1ifP0dHktM=</latexit><latexit sha1_base64="CkuyjAmqUoWqMdQg/ImfhTNcKFc=">AAAB+HicbVBNS8NAEJ34WetHox69BItQQUoigh6LXjxWsB/QhLLZTtulm03Y3RRq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwoQzpV3321pb39jc2i7sFHf39g9K9uFRU8WppNigMY9lOyQKORPY0ExzbCcSSRRybIWju5nfGqNULBaPepJgEJGBYH1GiTZS1y75yZBV/DHSTE4v9HnXLrtVdw5nlXg5KUOOetf+8nsxTSMUmnKiVMdzEx1kRGpGOU6LfqowIXREBtgxVJAIVZDND586Z0bpOf1YmhLamau/JzISKTWJQtMZET1Uy95M/M/rpLp/E2RMJKlGQReL+il3dOzMUnB6TCLVfGIIoZKZWx06JJJQbbIqmhC85ZdXSfOy6rlV7+GqXLvN4yjACZxCBTy4hhrcQx0aQCGFZ3iFN+vJerHerY9F65qVzxzDH1ifP0dHktM=</latexit><latexit sha1_base64="CkuyjAmqUoWqMdQg/ImfhTNcKFc=">AAAB+HicbVBNS8NAEJ34WetHox69BItQQUoigh6LXjxWsB/QhLLZTtulm03Y3RRq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwoQzpV3321pb39jc2i7sFHf39g9K9uFRU8WppNigMY9lOyQKORPY0ExzbCcSSRRybIWju5nfGqNULBaPepJgEJGBYH1GiTZS1y75yZBV/DHSTE4v9HnXLrtVdw5nlXg5KUOOetf+8nsxTSMUmnKiVMdzEx1kRGpGOU6LfqowIXREBtgxVJAIVZDND586Z0bpOf1YmhLamau/JzISKTWJQtMZET1Uy95M/M/rpLp/E2RMJKlGQReL+il3dOzMUnB6TCLVfGIIoZKZWx06JJJQbbIqmhC85ZdXSfOy6rlV7+GqXLvN4yjACZxCBTy4hhrcQx0aQCGFZ3iFN+vJerHerY9F65qVzxzDH1ifP0dHktM=</latexit>

Campo escalar: inflaton; 
unidade: energia

V (�)
<latexit sha1_base64="+/MdcPKpt+eCFUtZbxK9sWAbSEI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOJsmQ2dlhplcISz7CiwdFvPo93vwbJ8keNLGgoajqprsr0lJY9P1vb219Y3Nru7BT3N3bPzgsHR03bZIaxhsskYlpR9RyKRRvoEDJ29pwGkeSt6Lx3cxvPXFjRaIecaJ5GNOhEgPBKDqp1ax09Uhc9Eplv+rPQVZJkJMy5Kj3Sl/dfsLSmCtkklrbCXyNYUYNCib5tNhNLdeUjemQdxxVNOY2zObnTsm5U/pkkBhXCslc/T2R0djaSRy5zpjiyC57M/E/r5Pi4CbMhNIpcsUWiwapJJiQ2e+kLwxnKCeOUGaEu5WwETWUoUuo6EIIll9eJc3LauBXg4ercu02j6MAp3AGFQjgGmpwD3VoAIMxPMMrvHnae/HevY9F65qXz5zAH3ifP4PgjwQ=</latexit><latexit sha1_base64="+/MdcPKpt+eCFUtZbxK9sWAbSEI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOJsmQ2dlhplcISz7CiwdFvPo93vwbJ8keNLGgoajqprsr0lJY9P1vb219Y3Nru7BT3N3bPzgsHR03bZIaxhsskYlpR9RyKRRvoEDJ29pwGkeSt6Lx3cxvPXFjRaIecaJ5GNOhEgPBKDqp1ax09Uhc9Eplv+rPQVZJkJMy5Kj3Sl/dfsLSmCtkklrbCXyNYUYNCib5tNhNLdeUjemQdxxVNOY2zObnTsm5U/pkkBhXCslc/T2R0djaSRy5zpjiyC57M/E/r5Pi4CbMhNIpcsUWiwapJJiQ2e+kLwxnKCeOUGaEu5WwETWUoUuo6EIIll9eJc3LauBXg4ercu02j6MAp3AGFQjgGmpwD3VoAIMxPMMrvHnae/HevY9F65qXz5zAH3ifP4PgjwQ=</latexit><latexit sha1_base64="+/MdcPKpt+eCFUtZbxK9sWAbSEI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOJsmQ2dlhplcISz7CiwdFvPo93vwbJ8keNLGgoajqprsr0lJY9P1vb219Y3Nru7BT3N3bPzgsHR03bZIaxhsskYlpR9RyKRRvoEDJ29pwGkeSt6Lx3cxvPXFjRaIecaJ5GNOhEgPBKDqp1ax09Uhc9Eplv+rPQVZJkJMy5Kj3Sl/dfsLSmCtkklrbCXyNYUYNCib5tNhNLdeUjemQdxxVNOY2zObnTsm5U/pkkBhXCslc/T2R0djaSRy5zpjiyC57M/E/r5Pi4CbMhNIpcsUWiwapJJiQ2e+kLwxnKCeOUGaEu5WwETWUoUuo6EIIll9eJc3LauBXg4ercu02j6MAp3AGFQjgGmpwD3VoAIMxPMMrvHnae/HevY9F65qXz5zAH3ifP4PgjwQ=</latexit><latexit sha1_base64="+/MdcPKpt+eCFUtZbxK9sWAbSEI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOJsmQ2dlhplcISz7CiwdFvPo93vwbJ8keNLGgoajqprsr0lJY9P1vb219Y3Nru7BT3N3bPzgsHR03bZIaxhsskYlpR9RyKRRvoEDJ29pwGkeSt6Lx3cxvPXFjRaIecaJ5GNOhEgPBKDqp1ax09Uhc9Eplv+rPQVZJkJMy5Kj3Sl/dfsLSmCtkklrbCXyNYUYNCib5tNhNLdeUjemQdxxVNOY2zObnTsm5U/pkkBhXCslc/T2R0djaSRy5zpjiyC57M/E/r5Pi4CbMhNIpcsUWiwapJJiQ2e+kLwxnKCeOUGaEu5WwETWUoUuo6EIIll9eJc3LauBXg4ercu02j6MAp3AGFQjgGmpwD3VoAIMxPMMrvHnae/HevY9F65qXz5zAH3ifP4PgjwQ=</latexit>

Energia potencial associada ao inflaton;
unidade: densidade de energia
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10.5 A Física da Inflação

Faremos considerações genéricas da física envolvida.

�(~r, t)
<latexit sha1_base64="CkuyjAmqUoWqMdQg/ImfhTNcKFc=">AAAB+HicbVBNS8NAEJ34WetHox69BItQQUoigh6LXjxWsB/QhLLZTtulm03Y3RRq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwoQzpV3321pb39jc2i7sFHf39g9K9uFRU8WppNigMY9lOyQKORPY0ExzbCcSSRRybIWju5nfGqNULBaPepJgEJGBYH1GiTZS1y75yZBV/DHSTE4v9HnXLrtVdw5nlXg5KUOOetf+8nsxTSMUmnKiVMdzEx1kRGpGOU6LfqowIXREBtgxVJAIVZDND586Z0bpOf1YmhLamau/JzISKTWJQtMZET1Uy95M/M/rpLp/E2RMJKlGQReL+il3dOzMUnB6TCLVfGIIoZKZWx06JJJQbbIqmhC85ZdXSfOy6rlV7+GqXLvN4yjACZxCBTy4hhrcQx0aQCGFZ3iFN+vJerHerY9F65qVzxzDH1ifP0dHktM=</latexit><latexit sha1_base64="CkuyjAmqUoWqMdQg/ImfhTNcKFc=">AAAB+HicbVBNS8NAEJ34WetHox69BItQQUoigh6LXjxWsB/QhLLZTtulm03Y3RRq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwoQzpV3321pb39jc2i7sFHf39g9K9uFRU8WppNigMY9lOyQKORPY0ExzbCcSSRRybIWju5nfGqNULBaPepJgEJGBYH1GiTZS1y75yZBV/DHSTE4v9HnXLrtVdw5nlXg5KUOOetf+8nsxTSMUmnKiVMdzEx1kRGpGOU6LfqowIXREBtgxVJAIVZDND586Z0bpOf1YmhLamau/JzISKTWJQtMZET1Uy95M/M/rpLp/E2RMJKlGQReL+il3dOzMUnB6TCLVfGIIoZKZWx06JJJQbbIqmhC85ZdXSfOy6rlV7+GqXLvN4yjACZxCBTy4hhrcQx0aQCGFZ3iFN+vJerHerY9F65qVzxzDH1ifP0dHktM=</latexit><latexit sha1_base64="CkuyjAmqUoWqMdQg/ImfhTNcKFc=">AAAB+HicbVBNS8NAEJ34WetHox69BItQQUoigh6LXjxWsB/QhLLZTtulm03Y3RRq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwoQzpV3321pb39jc2i7sFHf39g9K9uFRU8WppNigMY9lOyQKORPY0ExzbCcSSRRybIWju5nfGqNULBaPepJgEJGBYH1GiTZS1y75yZBV/DHSTE4v9HnXLrtVdw5nlXg5KUOOetf+8nsxTSMUmnKiVMdzEx1kRGpGOU6LfqowIXREBtgxVJAIVZDND586Z0bpOf1YmhLamau/JzISKTWJQtMZET1Uy95M/M/rpLp/E2RMJKlGQReL+il3dOzMUnB6TCLVfGIIoZKZWx06JJJQbbIqmhC85ZdXSfOy6rlV7+GqXLvN4yjACZxCBTy4hhrcQx0aQCGFZ3iFN+vJerHerY9F65qVzxzDH1ifP0dHktM=</latexit><latexit sha1_base64="CkuyjAmqUoWqMdQg/ImfhTNcKFc=">AAAB+HicbVBNS8NAEJ34WetHox69BItQQUoigh6LXjxWsB/QhLLZTtulm03Y3RRq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwoQzpV3321pb39jc2i7sFHf39g9K9uFRU8WppNigMY9lOyQKORPY0ExzbCcSSRRybIWju5nfGqNULBaPepJgEJGBYH1GiTZS1y75yZBV/DHSTE4v9HnXLrtVdw5nlXg5KUOOetf+8nsxTSMUmnKiVMdzEx1kRGpGOU6LfqowIXREBtgxVJAIVZDND586Z0bpOf1YmhLamau/JzISKTWJQtMZET1Uy95M/M/rpLp/E2RMJKlGQReL+il3dOzMUnB6TCLVfGIIoZKZWx06JJJQbbIqmhC85ZdXSfOy6rlV7+GqXLvN4yjACZxCBTy4hhrcQx0aQCGFZ3iFN+vJerHerY9F65qVzxzDH1ifP0dHktM=</latexit>

Campo escalar: inflaton; 
unidade: energia

V (�)
<latexit sha1_base64="+/MdcPKpt+eCFUtZbxK9sWAbSEI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOJsmQ2dlhplcISz7CiwdFvPo93vwbJ8keNLGgoajqprsr0lJY9P1vb219Y3Nru7BT3N3bPzgsHR03bZIaxhsskYlpR9RyKRRvoEDJ29pwGkeSt6Lx3cxvPXFjRaIecaJ5GNOhEgPBKDqp1ax09Uhc9Eplv+rPQVZJkJMy5Kj3Sl/dfsLSmCtkklrbCXyNYUYNCib5tNhNLdeUjemQdxxVNOY2zObnTsm5U/pkkBhXCslc/T2R0djaSRy5zpjiyC57M/E/r5Pi4CbMhNIpcsUWiwapJJiQ2e+kLwxnKCeOUGaEu5WwETWUoUuo6EIIll9eJc3LauBXg4ercu02j6MAp3AGFQjgGmpwD3VoAIMxPMMrvHnae/HevY9F65qXz5zAH3ifP4PgjwQ=</latexit><latexit sha1_base64="+/MdcPKpt+eCFUtZbxK9sWAbSEI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOJsmQ2dlhplcISz7CiwdFvPo93vwbJ8keNLGgoajqprsr0lJY9P1vb219Y3Nru7BT3N3bPzgsHR03bZIaxhsskYlpR9RyKRRvoEDJ29pwGkeSt6Lx3cxvPXFjRaIecaJ5GNOhEgPBKDqp1ax09Uhc9Eplv+rPQVZJkJMy5Kj3Sl/dfsLSmCtkklrbCXyNYUYNCib5tNhNLdeUjemQdxxVNOY2zObnTsm5U/pkkBhXCslc/T2R0djaSRy5zpjiyC57M/E/r5Pi4CbMhNIpcsUWiwapJJiQ2e+kLwxnKCeOUGaEu5WwETWUoUuo6EIIll9eJc3LauBXg4ercu02j6MAp3AGFQjgGmpwD3VoAIMxPMMrvHnae/HevY9F65qXz5zAH3ifP4PgjwQ=</latexit><latexit sha1_base64="+/MdcPKpt+eCFUtZbxK9sWAbSEI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOJsmQ2dlhplcISz7CiwdFvPo93vwbJ8keNLGgoajqprsr0lJY9P1vb219Y3Nru7BT3N3bPzgsHR03bZIaxhsskYlpR9RyKRRvoEDJ29pwGkeSt6Lx3cxvPXFjRaIecaJ5GNOhEgPBKDqp1ax09Uhc9Eplv+rPQVZJkJMy5Kj3Sl/dfsLSmCtkklrbCXyNYUYNCib5tNhNLdeUjemQdxxVNOY2zObnTsm5U/pkkBhXCslc/T2R0djaSRy5zpjiyC57M/E/r5Pi4CbMhNIpcsUWiwapJJiQ2e+kLwxnKCeOUGaEu5WwETWUoUuo6EIIll9eJc3LauBXg4ercu02j6MAp3AGFQjgGmpwD3VoAIMxPMMrvHnae/HevY9F65qXz5zAH3ifP4PgjwQ=</latexit><latexit sha1_base64="+/MdcPKpt+eCFUtZbxK9sWAbSEI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOJsmQ2dlhplcISz7CiwdFvPo93vwbJ8keNLGgoajqprsr0lJY9P1vb219Y3Nru7BT3N3bPzgsHR03bZIaxhsskYlpR9RyKRRvoEDJ29pwGkeSt6Lx3cxvPXFjRaIecaJ5GNOhEgPBKDqp1ax09Uhc9Eplv+rPQVZJkJMy5Kj3Sl/dfsLSmCtkklrbCXyNYUYNCib5tNhNLdeUjemQdxxVNOY2zObnTsm5U/pkkBhXCslc/T2R0djaSRy5zpjiyC57M/E/r5Pi4CbMhNIpcsUWiwapJJiQ2e+kLwxnKCeOUGaEu5WwETWUoUuo6EIIll9eJc3LauBXg4ercu02j6MAp3AGFQjgGmpwD3VoAIMxPMMrvHnae/HevY9F65qXz5zAH3ifP4PgjwQ=</latexit>

Energia potencial associada ao inflaton;
unidade: densidade de energia

Suponhamos que numa região do 
espaço o campo inflaton é 
homogêneo, então a densidade de 
energia do inflaton é:

✏� =
1

2

1

~c3 �̇
2 + V (�)

<latexit sha1_base64="w1fmzlpf11aV/7DCBiCkzI4vJ6Y="></latexit><latexit sha1_base64="w1fmzlpf11aV/7DCBiCkzI4vJ6Y="></latexit><latexit sha1_base64="w1fmzlpf11aV/7DCBiCkzI4vJ6Y="></latexit><latexit sha1_base64="w1fmzlpf11aV/7DCBiCkzI4vJ6Y="></latexit>

A pressão do inflaton é:

P� =
1

2

1

~c3 �̇
2 � V (�)

<latexit sha1_base64="71R88ftPw6s/D9GHvyKbfhbg5C4="></latexit><latexit sha1_base64="71R88ftPw6s/D9GHvyKbfhbg5C4="></latexit><latexit sha1_base64="71R88ftPw6s/D9GHvyKbfhbg5C4="></latexit><latexit sha1_base64="71R88ftPw6s/D9GHvyKbfhbg5C4="></latexit>

Se o inflaton muda muito lentamente com t:

�̇2 ⌧ ~c3V (�)
<latexit sha1_base64="9EMIvSThd2x+0pfIxVeXwTSHs2E=">AAACC3icbVC7TsMwFHXKq4RXgJHFaoVUliopSDBWsDAWiT6kJq0c12msOk5kO0hV1J2FX2FhACFWfoCNv8FpM0DLka50dM699r3HTxiVyra/jdLa+sbmVnnb3Nnd2z+wDo86Mk4FJm0cs1j0fCQJo5y0FVWM9BJBUOQz0vUnN7nffSBC0pjfq2lCvAiNOQ0oRkpLQ6vijmKVuUlIZ4OG6TJmuqGPBMSDc9ip5frZ0KradXsOuEqcglRBgdbQ+tKP4jQiXGGGpOw7dqK8DAlFMSMz000lSRCeoDHpa8pRRKSXzW+ZwVOtjGAQC11cwbn6eyJDkZTTyNedEVKhXPZy8T+vn6rgyssoT1JFOF58FKQMqhjmwcARFQQrNtUEYUH1rhCHSCCsdHymDsFZPnmVdBp1x647dxfV5nURRxmcgAqoAQdcgia4BS3QBhg8gmfwCt6MJ+PFeDc+Fq0lo5g5Bn9gfP4AqsGZgA==</latexit><latexit sha1_base64="9EMIvSThd2x+0pfIxVeXwTSHs2E=">AAACC3icbVC7TsMwFHXKq4RXgJHFaoVUliopSDBWsDAWiT6kJq0c12msOk5kO0hV1J2FX2FhACFWfoCNv8FpM0DLka50dM699r3HTxiVyra/jdLa+sbmVnnb3Nnd2z+wDo86Mk4FJm0cs1j0fCQJo5y0FVWM9BJBUOQz0vUnN7nffSBC0pjfq2lCvAiNOQ0oRkpLQ6vijmKVuUlIZ4OG6TJmuqGPBMSDc9ip5frZ0KradXsOuEqcglRBgdbQ+tKP4jQiXGGGpOw7dqK8DAlFMSMz000lSRCeoDHpa8pRRKSXzW+ZwVOtjGAQC11cwbn6eyJDkZTTyNedEVKhXPZy8T+vn6rgyssoT1JFOF58FKQMqhjmwcARFQQrNtUEYUH1rhCHSCCsdHymDsFZPnmVdBp1x647dxfV5nURRxmcgAqoAQdcgia4BS3QBhg8gmfwCt6MJ+PFeDc+Fq0lo5g5Bn9gfP4AqsGZgA==</latexit><latexit sha1_base64="9EMIvSThd2x+0pfIxVeXwTSHs2E=">AAACC3icbVC7TsMwFHXKq4RXgJHFaoVUliopSDBWsDAWiT6kJq0c12msOk5kO0hV1J2FX2FhACFWfoCNv8FpM0DLka50dM699r3HTxiVyra/jdLa+sbmVnnb3Nnd2z+wDo86Mk4FJm0cs1j0fCQJo5y0FVWM9BJBUOQz0vUnN7nffSBC0pjfq2lCvAiNOQ0oRkpLQ6vijmKVuUlIZ4OG6TJmuqGPBMSDc9ip5frZ0KradXsOuEqcglRBgdbQ+tKP4jQiXGGGpOw7dqK8DAlFMSMz000lSRCeoDHpa8pRRKSXzW+ZwVOtjGAQC11cwbn6eyJDkZTTyNedEVKhXPZy8T+vn6rgyssoT1JFOF58FKQMqhjmwcARFQQrNtUEYUH1rhCHSCCsdHymDsFZPnmVdBp1x647dxfV5nURRxmcgAqoAQdcgia4BS3QBhg8gmfwCt6MJ+PFeDc+Fq0lo5g5Bn9gfP4AqsGZgA==</latexit><latexit sha1_base64="9EMIvSThd2x+0pfIxVeXwTSHs2E=">AAACC3icbVC7TsMwFHXKq4RXgJHFaoVUliopSDBWsDAWiT6kJq0c12msOk5kO0hV1J2FX2FhACFWfoCNv8FpM0DLka50dM699r3HTxiVyra/jdLa+sbmVnnb3Nnd2z+wDo86Mk4FJm0cs1j0fCQJo5y0FVWM9BJBUOQz0vUnN7nffSBC0pjfq2lCvAiNOQ0oRkpLQ6vijmKVuUlIZ4OG6TJmuqGPBMSDc9ip5frZ0KradXsOuEqcglRBgdbQ+tKP4jQiXGGGpOw7dqK8DAlFMSMz000lSRCeoDHpa8pRRKSXzW+ZwVOtjGAQC11cwbn6eyJDkZTTyNedEVKhXPZy8T+vn6rgyssoT1JFOF58FKQMqhjmwcARFQQrNtUEYUH1rhCHSCCsdHymDsFZPnmVdBp1x647dxfV5nURRxmcgAqoAQdcgia4BS3QBhg8gmfwCt6MJ+PFeDc+Fq0lo5g5Bn9gfP4AqsGZgA==</latexit>

Então o inflaton pode agir como uma 
constante cosmológica:

✏� ⇡ �P� ⇡ V (�)
<latexit sha1_base64="FX8IFye+8mjkfcupdQ17z4utBcs=">AAACGnicbVDLSgMxFM34rPU16tJNsAh1YZkRQZdFNy4r2Ad0hpJJM21oJglJRixDv8ONv+LGhSLuxI1/Y6adhbYeCJycc+9N7okko9p43reztLyyurZe2ihvbm3v7Lp7+y0tUoVJEwsmVCdCmjDKSdNQw0hHKoKSiJF2NLrO/fY9UZoKfmfGkoQJGnAaU4yMlXquHxCpKbM0C+SQTsoBklKJh/JpY15pVfP7Sc+teDVvCrhI/IJUQIFGz/0M+gKnCeEGM6R11/ekCTOkDMWM2PmpJhLhERqQrqUcJUSH2XS1CTy2Sh/GQtnDDZyqvzsylGg9TiJbmSAz1PNeLv7ndVMTX4YZ5TI1hOPZQ3HKoBEwzwn2qSLYsLElCCtq/wrxECmEjU2zbEPw51deJK2zmu/V/NvzSv2qiKMEDsERqAIfXIA6uAEN0AQYPIJn8ArenCfnxXl3PmalS07RcwD+wPn6Acp/oKg=</latexit><latexit sha1_base64="FX8IFye+8mjkfcupdQ17z4utBcs=">AAACGnicbVDLSgMxFM34rPU16tJNsAh1YZkRQZdFNy4r2Ad0hpJJM21oJglJRixDv8ONv+LGhSLuxI1/Y6adhbYeCJycc+9N7okko9p43reztLyyurZe2ihvbm3v7Lp7+y0tUoVJEwsmVCdCmjDKSdNQw0hHKoKSiJF2NLrO/fY9UZoKfmfGkoQJGnAaU4yMlXquHxCpKbM0C+SQTsoBklKJh/JpY15pVfP7Sc+teDVvCrhI/IJUQIFGz/0M+gKnCeEGM6R11/ekCTOkDMWM2PmpJhLhERqQrqUcJUSH2XS1CTy2Sh/GQtnDDZyqvzsylGg9TiJbmSAz1PNeLv7ndVMTX4YZ5TI1hOPZQ3HKoBEwzwn2qSLYsLElCCtq/wrxECmEjU2zbEPw51deJK2zmu/V/NvzSv2qiKMEDsERqAIfXIA6uAEN0AQYPIJn8ArenCfnxXl3PmalS07RcwD+wPn6Acp/oKg=</latexit><latexit sha1_base64="FX8IFye+8mjkfcupdQ17z4utBcs=">AAACGnicbVDLSgMxFM34rPU16tJNsAh1YZkRQZdFNy4r2Ad0hpJJM21oJglJRixDv8ONv+LGhSLuxI1/Y6adhbYeCJycc+9N7okko9p43reztLyyurZe2ihvbm3v7Lp7+y0tUoVJEwsmVCdCmjDKSdNQw0hHKoKSiJF2NLrO/fY9UZoKfmfGkoQJGnAaU4yMlXquHxCpKbM0C+SQTsoBklKJh/JpY15pVfP7Sc+teDVvCrhI/IJUQIFGz/0M+gKnCeEGM6R11/ekCTOkDMWM2PmpJhLhERqQrqUcJUSH2XS1CTy2Sh/GQtnDDZyqvzsylGg9TiJbmSAz1PNeLv7ndVMTX4YZ5TI1hOPZQ3HKoBEwzwn2qSLYsLElCCtq/wrxECmEjU2zbEPw51deJK2zmu/V/NvzSv2qiKMEDsERqAIfXIA6uAEN0AQYPIJn8ArenCfnxXl3PmalS07RcwD+wPn6Acp/oKg=</latexit><latexit sha1_base64="FX8IFye+8mjkfcupdQ17z4utBcs=">AAACGnicbVDLSgMxFM34rPU16tJNsAh1YZkRQZdFNy4r2Ad0hpJJM21oJglJRixDv8ONv+LGhSLuxI1/Y6adhbYeCJycc+9N7okko9p43reztLyyurZe2ihvbm3v7Lp7+y0tUoVJEwsmVCdCmjDKSdNQw0hHKoKSiJF2NLrO/fY9UZoKfmfGkoQJGnAaU4yMlXquHxCpKbM0C+SQTsoBklKJh/JpY15pVfP7Sc+teDVvCrhI/IJUQIFGz/0M+gKnCeEGM6R11/ekCTOkDMWM2PmpJhLhERqQrqUcJUSH2XS1CTy2Sh/GQtnDDZyqvzsylGg9TiJbmSAz1PNeLv7ndVMTX4YZ5TI1hOPZQ3HKoBEwzwn2qSLYsLElCCtq/wrxECmEjU2zbEPw51deJK2zmu/V/NvzSv2qiKMEDsERqAIfXIA6uAEN0AQYPIJn8ArenCfnxXl3PmalS07RcwD+wPn6Acp/oKg=</latexit>
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10.5 A Física da Inflação

Quais são as circunstâncias no 
Universo primordial que gerariam as 
condições para levar à inflação?

�̇2 ⌧ ~c3V (�)
<latexit sha1_base64="9EMIvSThd2x+0pfIxVeXwTSHs2E=">AAACC3icbVC7TsMwFHXKq4RXgJHFaoVUliopSDBWsDAWiT6kJq0c12msOk5kO0hV1J2FX2FhACFWfoCNv8FpM0DLka50dM699r3HTxiVyra/jdLa+sbmVnnb3Nnd2z+wDo86Mk4FJm0cs1j0fCQJo5y0FVWM9BJBUOQz0vUnN7nffSBC0pjfq2lCvAiNOQ0oRkpLQ6vijmKVuUlIZ4OG6TJmuqGPBMSDc9ip5frZ0KradXsOuEqcglRBgdbQ+tKP4jQiXGGGpOw7dqK8DAlFMSMz000lSRCeoDHpa8pRRKSXzW+ZwVOtjGAQC11cwbn6eyJDkZTTyNedEVKhXPZy8T+vn6rgyssoT1JFOF58FKQMqhjmwcARFQQrNtUEYUH1rhCHSCCsdHymDsFZPnmVdBp1x647dxfV5nURRxmcgAqoAQdcgia4BS3QBhg8gmfwCt6MJ+PFeDc+Fq0lo5g5Bn9gfP4AqsGZgA==</latexit><latexit sha1_base64="9EMIvSThd2x+0pfIxVeXwTSHs2E=">AAACC3icbVC7TsMwFHXKq4RXgJHFaoVUliopSDBWsDAWiT6kJq0c12msOk5kO0hV1J2FX2FhACFWfoCNv8FpM0DLka50dM699r3HTxiVyra/jdLa+sbmVnnb3Nnd2z+wDo86Mk4FJm0cs1j0fCQJo5y0FVWM9BJBUOQz0vUnN7nffSBC0pjfq2lCvAiNOQ0oRkpLQ6vijmKVuUlIZ4OG6TJmuqGPBMSDc9ip5frZ0KradXsOuEqcglRBgdbQ+tKP4jQiXGGGpOw7dqK8DAlFMSMz000lSRCeoDHpa8pRRKSXzW+ZwVOtjGAQC11cwbn6eyJDkZTTyNedEVKhXPZy8T+vn6rgyssoT1JFOF58FKQMqhjmwcARFQQrNtUEYUH1rhCHSCCsdHymDsFZPnmVdBp1x647dxfV5nURRxmcgAqoAQdcgia4BS3QBhg8gmfwCt6MJ+PFeDc+Fq0lo5g5Bn9gfP4AqsGZgA==</latexit><latexit sha1_base64="9EMIvSThd2x+0pfIxVeXwTSHs2E=">AAACC3icbVC7TsMwFHXKq4RXgJHFaoVUliopSDBWsDAWiT6kJq0c12msOk5kO0hV1J2FX2FhACFWfoCNv8FpM0DLka50dM699r3HTxiVyra/jdLa+sbmVnnb3Nnd2z+wDo86Mk4FJm0cs1j0fCQJo5y0FVWM9BJBUOQz0vUnN7nffSBC0pjfq2lCvAiNOQ0oRkpLQ6vijmKVuUlIZ4OG6TJmuqGPBMSDc9ip5frZ0KradXsOuEqcglRBgdbQ+tKP4jQiXGGGpOw7dqK8DAlFMSMz000lSRCeoDHpa8pRRKSXzW+ZwVOtjGAQC11cwbn6eyJDkZTTyNedEVKhXPZy8T+vn6rgyssoT1JFOF58FKQMqhjmwcARFQQrNtUEYUH1rhCHSCCsdHymDsFZPnmVdBp1x647dxfV5nURRxmcgAqoAQdcgia4BS3QBhg8gmfwCt6MJ+PFeDc+Fq0lo5g5Bn9gfP4AqsGZgA==</latexit><latexit sha1_base64="9EMIvSThd2x+0pfIxVeXwTSHs2E=">AAACC3icbVC7TsMwFHXKq4RXgJHFaoVUliopSDBWsDAWiT6kJq0c12msOk5kO0hV1J2FX2FhACFWfoCNv8FpM0DLka50dM699r3HTxiVyra/jdLa+sbmVnnb3Nnd2z+wDo86Mk4FJm0cs1j0fCQJo5y0FVWM9BJBUOQz0vUnN7nffSBC0pjfq2lCvAiNOQ0oRkpLQ6vijmKVuUlIZ4OG6TJmuqGPBMSDc9ip5frZ0KradXsOuEqcglRBgdbQ+tKP4jQiXGGGpOw7dqK8DAlFMSMz000lSRCeoDHpa8pRRKSXzW+ZwVOtjGAQC11cwbn6eyJDkZTTyNedEVKhXPZy8T+vn6rgyssoT1JFOF58FKQMqhjmwcARFQQrNtUEYUH1rhCHSCCsdHymDsFZPnmVdBp1x647dxfV5nURRxmcgAqoAQdcgia4BS3QBhg8gmfwCt6MJ+PFeDc+Fq0lo5g5Bn9gfP4AqsGZgA==</latexit>

densidade de energia do Universo 
dominada pelo potencial do inflaton

Equação de fluido: ✏̇� + 3H(t)(✏� + P�) = 0
<latexit sha1_base64="Vab8nDve+91dykqetO72+hL8MqY=">AAACJ3icbZDLSgMxFIYzXut4G3XpJliEFqHMqKAbpeimywr2Am0pmTRtQzOZITkjlKFv48ZXcSOoiC59E9N2FG09EPj4/3M4Ob8fCa7BdT+shcWl5ZXVzJq9vrG5te3s7FZ1GCvKKjQUoar7RDPBJasAB8HqkWIk8AWr+YPrsV+7Y0rzUN7CMGKtgPQk73JKwEht57LZCSFpskhzEcpRO2lGfT6yj/BJKQd5O/ft/BjllPI2vsBu28m6BXdSeB68FLIorXLbeTYLaRwwCVQQrRueG0ErIQo4FWxkN2PNIkIHpMcaBiUJmG4lkztH+NAoHdwNlXkS8ET9PZGQQOth4JvOgEBfz3pj8T+vEUP3vJVwGcXAJJ0u6sYCQ4jHoeEOV4yCGBogVHHzV0z7RBEKJlrbhODNnjwP1eOC5xa8m9Ns8SqNI4P20QHKIQ+doSIqoTKqIIru0SN6Qa/Wg/VkvVnv09YFK53ZQ3/K+vwCixGkZg==</latexit><latexit sha1_base64="Vab8nDve+91dykqetO72+hL8MqY=">AAACJ3icbZDLSgMxFIYzXut4G3XpJliEFqHMqKAbpeimywr2Am0pmTRtQzOZITkjlKFv48ZXcSOoiC59E9N2FG09EPj4/3M4Ob8fCa7BdT+shcWl5ZXVzJq9vrG5te3s7FZ1GCvKKjQUoar7RDPBJasAB8HqkWIk8AWr+YPrsV+7Y0rzUN7CMGKtgPQk73JKwEht57LZCSFpskhzEcpRO2lGfT6yj/BJKQd5O/ft/BjllPI2vsBu28m6BXdSeB68FLIorXLbeTYLaRwwCVQQrRueG0ErIQo4FWxkN2PNIkIHpMcaBiUJmG4lkztH+NAoHdwNlXkS8ET9PZGQQOth4JvOgEBfz3pj8T+vEUP3vJVwGcXAJJ0u6sYCQ4jHoeEOV4yCGBogVHHzV0z7RBEKJlrbhODNnjwP1eOC5xa8m9Ns8SqNI4P20QHKIQ+doSIqoTKqIIru0SN6Qa/Wg/VkvVnv09YFK53ZQ3/K+vwCixGkZg==</latexit><latexit sha1_base64="Vab8nDve+91dykqetO72+hL8MqY=">AAACJ3icbZDLSgMxFIYzXut4G3XpJliEFqHMqKAbpeimywr2Am0pmTRtQzOZITkjlKFv48ZXcSOoiC59E9N2FG09EPj4/3M4Ob8fCa7BdT+shcWl5ZXVzJq9vrG5te3s7FZ1GCvKKjQUoar7RDPBJasAB8HqkWIk8AWr+YPrsV+7Y0rzUN7CMGKtgPQk73JKwEht57LZCSFpskhzEcpRO2lGfT6yj/BJKQd5O/ft/BjllPI2vsBu28m6BXdSeB68FLIorXLbeTYLaRwwCVQQrRueG0ErIQo4FWxkN2PNIkIHpMcaBiUJmG4lkztH+NAoHdwNlXkS8ET9PZGQQOth4JvOgEBfz3pj8T+vEUP3vJVwGcXAJJ0u6sYCQ4jHoeEOV4yCGBogVHHzV0z7RBEKJlrbhODNnjwP1eOC5xa8m9Ns8SqNI4P20QHKIQ+doSIqoTKqIIru0SN6Qa/Wg/VkvVnv09YFK53ZQ3/K+vwCixGkZg==</latexit><latexit sha1_base64="Vab8nDve+91dykqetO72+hL8MqY=">AAACJ3icbZDLSgMxFIYzXut4G3XpJliEFqHMqKAbpeimywr2Am0pmTRtQzOZITkjlKFv48ZXcSOoiC59E9N2FG09EPj4/3M4Ob8fCa7BdT+shcWl5ZXVzJq9vrG5te3s7FZ1GCvKKjQUoar7RDPBJasAB8HqkWIk8AWr+YPrsV+7Y0rzUN7CMGKtgPQk73JKwEht57LZCSFpskhzEcpRO2lGfT6yj/BJKQd5O/ft/BjllPI2vsBu28m6BXdSeB68FLIorXLbeTYLaRwwCVQQrRueG0ErIQo4FWxkN2PNIkIHpMcaBiUJmG4lkztH+NAoHdwNlXkS8ET9PZGQQOth4JvOgEBfz3pj8T+vEUP3vJVwGcXAJJ0u6sYCQ4jHoeEOV4yCGBogVHHzV0z7RBEKJlrbhODNnjwP1eOC5xa8m9Ns8SqNI4P20QHKIQ+doSIqoTKqIIru0SN6Qa/Wg/VkvVnv09YFK53ZQ3/K+vwCixGkZg==</latexit>

Substituindo as eqs. anteriores:
�̈+ 3H(t)�̇ = �~c3 dV

d�
<latexit sha1_base64="exxhTLC+aFEYQYP5I5jsJUN4ZiA=">AAACJnicbVDLSgMxFM3UVx1foy7dBItQEcuMFXRTKLrpsoJ9QKeWTCZtQzMPkjtCGfo1bvwVNy4qIu78FNMHqK0HAodz7iP3eLHgCmz708isrK6tb2Q3za3tnd09a/+grqJEUlajkYhk0yOKCR6yGnAQrBlLRgJPsIY3uJ34jUcmFY/CexjGrB2QXsi7nBLQUscqub4fQerGfT4yz3CxkodT0/2RSuY5dvsekZg+FM3Ur2M30vOwP7U7Vs4u2FPgZeLMSQ7NUe1YYz2bJgELgQqiVMuxY2inRAKngo1MN1EsJnRAeqylaUgCptrp9MwRPtGKj7uR1C8EPFV/d6QkUGoYeLoyINBXi95E/M9rJdC9bqc8jBNgIZ0t6iYCQ4QnmWGfS0ZBDDUhVHL9V0z7RBIKOllTh+AsnrxM6hcFxy44d5e58s08jiw6Qscojxx0hcqogqqohih6Qi9ojN6MZ+PVeDc+ZqUZY95ziP7A+PoGWeijQA==</latexit><latexit sha1_base64="exxhTLC+aFEYQYP5I5jsJUN4ZiA=">AAACJnicbVDLSgMxFM3UVx1foy7dBItQEcuMFXRTKLrpsoJ9QKeWTCZtQzMPkjtCGfo1bvwVNy4qIu78FNMHqK0HAodz7iP3eLHgCmz708isrK6tb2Q3za3tnd09a/+grqJEUlajkYhk0yOKCR6yGnAQrBlLRgJPsIY3uJ34jUcmFY/CexjGrB2QXsi7nBLQUscqub4fQerGfT4yz3CxkodT0/2RSuY5dvsekZg+FM3Ur2M30vOwP7U7Vs4u2FPgZeLMSQ7NUe1YYz2bJgELgQqiVMuxY2inRAKngo1MN1EsJnRAeqylaUgCptrp9MwRPtGKj7uR1C8EPFV/d6QkUGoYeLoyINBXi95E/M9rJdC9bqc8jBNgIZ0t6iYCQ4QnmWGfS0ZBDDUhVHL9V0z7RBIKOllTh+AsnrxM6hcFxy44d5e58s08jiw6Qscojxx0hcqogqqohih6Qi9ojN6MZ+PVeDc+ZqUZY95ziP7A+PoGWeijQA==</latexit><latexit sha1_base64="exxhTLC+aFEYQYP5I5jsJUN4ZiA=">AAACJnicbVDLSgMxFM3UVx1foy7dBItQEcuMFXRTKLrpsoJ9QKeWTCZtQzMPkjtCGfo1bvwVNy4qIu78FNMHqK0HAodz7iP3eLHgCmz708isrK6tb2Q3za3tnd09a/+grqJEUlajkYhk0yOKCR6yGnAQrBlLRgJPsIY3uJ34jUcmFY/CexjGrB2QXsi7nBLQUscqub4fQerGfT4yz3CxkodT0/2RSuY5dvsekZg+FM3Ur2M30vOwP7U7Vs4u2FPgZeLMSQ7NUe1YYz2bJgELgQqiVMuxY2inRAKngo1MN1EsJnRAeqylaUgCptrp9MwRPtGKj7uR1C8EPFV/d6QkUGoYeLoyINBXi95E/M9rJdC9bqc8jBNgIZ0t6iYCQ4QnmWGfS0ZBDDUhVHL9V0z7RBIKOllTh+AsnrxM6hcFxy44d5e58s08jiw6Qscojxx0hcqogqqohih6Qi9ojN6MZ+PVeDc+ZqUZY95ziP7A+PoGWeijQA==</latexit><latexit sha1_base64="exxhTLC+aFEYQYP5I5jsJUN4ZiA=">AAACJnicbVDLSgMxFM3UVx1foy7dBItQEcuMFXRTKLrpsoJ9QKeWTCZtQzMPkjtCGfo1bvwVNy4qIu78FNMHqK0HAodz7iP3eLHgCmz708isrK6tb2Q3za3tnd09a/+grqJEUlajkYhk0yOKCR6yGnAQrBlLRgJPsIY3uJ34jUcmFY/CexjGrB2QXsi7nBLQUscqub4fQerGfT4yz3CxkodT0/2RSuY5dvsekZg+FM3Ur2M30vOwP7U7Vs4u2FPgZeLMSQ7NUe1YYz2bJgELgQqiVMuxY2inRAKngo1MN1EsJnRAeqylaUgCptrp9MwRPtGKj7uR1C8EPFV/d6QkUGoYeLoyINBXi95E/M9rJdC9bqc8jBNgIZ0t6iYCQ4QnmWGfS0ZBDDUhVHL9V0z7RBIKOllTh+AsnrxM6hcFxy44d5e58s08jiw6Qscojxx0hcqogqqohih6Qi9ojN6MZ+PVeDc+ZqUZY95ziP7A+PoGWeijQA==</latexit>

“fricção de Hubble”: 
reduz a transição do 

inflaton para um valor 
que minimiza V.

similar a uma “força” 

Equação similar à da equação de 
movimento de uma partícula sob a 
ação de uma força conservativa, 
com termo de fricção.

Velocidade terminal do inflaton:

�̈ = 0
<latexit sha1_base64="FDBd7BgtIVnde2p0ispLYkO82CE=">AAAB+HicbVBNS8NAEJ3Urxo/GvXoZbEInkoigl6EohePFewHNKFsNpt26WYTdjdCDf0lXjwo4tWf4s1/47bNQVsfDDzem2FmXphxprTrfluVtfWNza3qtr2zu7dfcw4OOyrNJaFtkvJU9kKsKGeCtjXTnPYySXESctoNx7czv/tIpWKpeNCTjAYJHgoWM4K1kQZOzY+iVBd+NmJT+xq5A6fuNtw50CrxSlKHEq2B8+VHKckTKjThWKm+52Y6KLDUjHA6tf1c0QyTMR7SvqECJ1QFxfzwKTo1SoTiVJoSGs3V3xMFTpSaJKHpTLAeqWVvJv7n9XMdXwUFE1muqSCLRXHOkU7RLAUUMUmJ5hNDMJHM3IrICEtMtMnKNiF4yy+vks55w3Mb3v1FvXlTxlGFYziBM/DgEppwBy1oA4EcnuEV3qwn68V6tz4WrRWrnDmCP7A+fwC4o5J0</latexit><latexit sha1_base64="FDBd7BgtIVnde2p0ispLYkO82CE=">AAAB+HicbVBNS8NAEJ3Urxo/GvXoZbEInkoigl6EohePFewHNKFsNpt26WYTdjdCDf0lXjwo4tWf4s1/47bNQVsfDDzem2FmXphxprTrfluVtfWNza3qtr2zu7dfcw4OOyrNJaFtkvJU9kKsKGeCtjXTnPYySXESctoNx7czv/tIpWKpeNCTjAYJHgoWM4K1kQZOzY+iVBd+NmJT+xq5A6fuNtw50CrxSlKHEq2B8+VHKckTKjThWKm+52Y6KLDUjHA6tf1c0QyTMR7SvqECJ1QFxfzwKTo1SoTiVJoSGs3V3xMFTpSaJKHpTLAeqWVvJv7n9XMdXwUFE1muqSCLRXHOkU7RLAUUMUmJ5hNDMJHM3IrICEtMtMnKNiF4yy+vks55w3Mb3v1FvXlTxlGFYziBM/DgEppwBy1oA4EcnuEV3qwn68V6tz4WrRWrnDmCP7A+fwC4o5J0</latexit><latexit sha1_base64="FDBd7BgtIVnde2p0ispLYkO82CE=">AAAB+HicbVBNS8NAEJ3Urxo/GvXoZbEInkoigl6EohePFewHNKFsNpt26WYTdjdCDf0lXjwo4tWf4s1/47bNQVsfDDzem2FmXphxprTrfluVtfWNza3qtr2zu7dfcw4OOyrNJaFtkvJU9kKsKGeCtjXTnPYySXESctoNx7czv/tIpWKpeNCTjAYJHgoWM4K1kQZOzY+iVBd+NmJT+xq5A6fuNtw50CrxSlKHEq2B8+VHKckTKjThWKm+52Y6KLDUjHA6tf1c0QyTMR7SvqECJ1QFxfzwKTo1SoTiVJoSGs3V3xMFTpSaJKHpTLAeqWVvJv7n9XMdXwUFE1muqSCLRXHOkU7RLAUUMUmJ5hNDMJHM3IrICEtMtMnKNiF4yy+vks55w3Mb3v1FvXlTxlGFYziBM/DgEppwBy1oA4EcnuEV3qwn68V6tz4WrRWrnDmCP7A+fwC4o5J0</latexit><latexit sha1_base64="FDBd7BgtIVnde2p0ispLYkO82CE=">AAAB+HicbVBNS8NAEJ3Urxo/GvXoZbEInkoigl6EohePFewHNKFsNpt26WYTdjdCDf0lXjwo4tWf4s1/47bNQVsfDDzem2FmXphxprTrfluVtfWNza3qtr2zu7dfcw4OOyrNJaFtkvJU9kKsKGeCtjXTnPYySXESctoNx7czv/tIpWKpeNCTjAYJHgoWM4K1kQZOzY+iVBd+NmJT+xq5A6fuNtw50CrxSlKHEq2B8+VHKckTKjThWKm+52Y6KLDUjHA6tf1c0QyTMR7SvqECJ1QFxfzwKTo1SoTiVJoSGs3V3xMFTpSaJKHpTLAeqWVvJv7n9XMdXwUFE1muqSCLRXHOkU7RLAUUMUmJ5hNDMJHM3IrICEtMtMnKNiF4yy+vks55w3Mb3v1FvXlTxlGFYziBM/DgEppwBy1oA4EcnuEV3qwn68V6tz4WrRWrnDmCP7A+fwC4o5J0</latexit> �̇ = �~c3

3H

dV

d�
<latexit sha1_base64="tg0FxNAkRMi2T8LAyu8/cTt1EMM=">AAACHHicbVDLSsNAFJ34rPEVdelmsAhuLIkVdCMU3XRZwT6giWUymbRDJ5MwMxFKyIe48VfcuFDEjQvBv3GaZqGtBwbOPfce7tzjJ4xKZdvfxtLyyuraemXD3Nza3tm19vY7Mk4FJm0cs1j0fCQJo5y0FVWM9BJBUOQz0vXHN9N+94EISWN+pyYJ8SI05DSkGCktDay6G8Qqc5MRzc0r8zRzRz4SEN/XoRtrH6w3czMLOmUVFIMDq2rX7AJwkTglqYISrYH1qbfgNCJcYYak7Dt2orwMCUUxI7npppIkCI/RkPQ15Sgi0suK43J4rJUAhrHQjytYqL8dGYqknES+noyQGsn53lT8r9dPVXjpZZQnqSIczxaFKYMqhtOkYEAFwYpNNEFYUP1XiEdIIKx0nqYOwZk/eZF0zmqOXXNuz6uN6zKOCjgER+AEOOACNEATtEAbYPAInsEreDOejBfj3fiYjS4ZpecA/IHx9QNeU6BM</latexit><latexit sha1_base64="tg0FxNAkRMi2T8LAyu8/cTt1EMM=">AAACHHicbVDLSsNAFJ34rPEVdelmsAhuLIkVdCMU3XRZwT6giWUymbRDJ5MwMxFKyIe48VfcuFDEjQvBv3GaZqGtBwbOPfce7tzjJ4xKZdvfxtLyyuraemXD3Nza3tm19vY7Mk4FJm0cs1j0fCQJo5y0FVWM9BJBUOQz0vXHN9N+94EISWN+pyYJ8SI05DSkGCktDay6G8Qqc5MRzc0r8zRzRz4SEN/XoRtrH6w3czMLOmUVFIMDq2rX7AJwkTglqYISrYH1qbfgNCJcYYak7Dt2orwMCUUxI7npppIkCI/RkPQ15Sgi0suK43J4rJUAhrHQjytYqL8dGYqknES+noyQGsn53lT8r9dPVXjpZZQnqSIczxaFKYMqhtOkYEAFwYpNNEFYUP1XiEdIIKx0nqYOwZk/eZF0zmqOXXNuz6uN6zKOCjgER+AEOOACNEATtEAbYPAInsEreDOejBfj3fiYjS4ZpecA/IHx9QNeU6BM</latexit><latexit sha1_base64="tg0FxNAkRMi2T8LAyu8/cTt1EMM=">AAACHHicbVDLSsNAFJ34rPEVdelmsAhuLIkVdCMU3XRZwT6giWUymbRDJ5MwMxFKyIe48VfcuFDEjQvBv3GaZqGtBwbOPfce7tzjJ4xKZdvfxtLyyuraemXD3Nza3tm19vY7Mk4FJm0cs1j0fCQJo5y0FVWM9BJBUOQz0vXHN9N+94EISWN+pyYJ8SI05DSkGCktDay6G8Qqc5MRzc0r8zRzRz4SEN/XoRtrH6w3czMLOmUVFIMDq2rX7AJwkTglqYISrYH1qbfgNCJcYYak7Dt2orwMCUUxI7npppIkCI/RkPQ15Sgi0suK43J4rJUAhrHQjytYqL8dGYqknES+noyQGsn53lT8r9dPVXjpZZQnqSIczxaFKYMqhtOkYEAFwYpNNEFYUP1XiEdIIKx0nqYOwZk/eZF0zmqOXXNuz6uN6zKOCjgER+AEOOACNEATtEAbYPAInsEreDOejBfj3fiYjS4ZpecA/IHx9QNeU6BM</latexit><latexit sha1_base64="tg0FxNAkRMi2T8LAyu8/cTt1EMM=">AAACHHicbVDLSsNAFJ34rPEVdelmsAhuLIkVdCMU3XRZwT6giWUymbRDJ5MwMxFKyIe48VfcuFDEjQvBv3GaZqGtBwbOPfce7tzjJ4xKZdvfxtLyyuraemXD3Nza3tm19vY7Mk4FJm0cs1j0fCQJo5y0FVWM9BJBUOQz0vXHN9N+94EISWN+pyYJ8SI05DSkGCktDay6G8Qqc5MRzc0r8zRzRz4SEN/XoRtrH6w3czMLOmUVFIMDq2rX7AJwkTglqYISrYH1qbfgNCJcYYak7Dt2orwMCUUxI7npppIkCI/RkPQ15Sgi0suK43J4rJUAhrHQjytYqL8dGYqknES+noyQGsn53lT8r9dPVXjpZZQnqSIczxaFKYMqhtOkYEAFwYpNNEFYUP1XiEdIIKx0nqYOwZk/eZF0zmqOXXNuz6uN6zKOCjgER+AEOOACNEATtEAbYPAInsEreDOejBfj3fiYjS4ZpecA/IHx9QNeU6BM</latexit>



74

10.5 A Física da Inflação

�̇2 ⌧ ~c3V (�)
<latexit sha1_base64="9EMIvSThd2x+0pfIxVeXwTSHs2E=">AAACC3icbVC7TsMwFHXKq4RXgJHFaoVUliopSDBWsDAWiT6kJq0c12msOk5kO0hV1J2FX2FhACFWfoCNv8FpM0DLka50dM699r3HTxiVyra/jdLa+sbmVnnb3Nnd2z+wDo86Mk4FJm0cs1j0fCQJo5y0FVWM9BJBUOQz0vUnN7nffSBC0pjfq2lCvAiNOQ0oRkpLQ6vijmKVuUlIZ4OG6TJmuqGPBMSDc9ip5frZ0KradXsOuEqcglRBgdbQ+tKP4jQiXGGGpOw7dqK8DAlFMSMz000lSRCeoDHpa8pRRKSXzW+ZwVOtjGAQC11cwbn6eyJDkZTTyNedEVKhXPZy8T+vn6rgyssoT1JFOF58FKQMqhjmwcARFQQrNtUEYUH1rhCHSCCsdHymDsFZPnmVdBp1x647dxfV5nURRxmcgAqoAQdcgia4BS3QBhg8gmfwCt6MJ+PFeDc+Fq0lo5g5Bn9gfP4AqsGZgA==</latexit><latexit sha1_base64="9EMIvSThd2x+0pfIxVeXwTSHs2E=">AAACC3icbVC7TsMwFHXKq4RXgJHFaoVUliopSDBWsDAWiT6kJq0c12msOk5kO0hV1J2FX2FhACFWfoCNv8FpM0DLka50dM699r3HTxiVyra/jdLa+sbmVnnb3Nnd2z+wDo86Mk4FJm0cs1j0fCQJo5y0FVWM9BJBUOQz0vUnN7nffSBC0pjfq2lCvAiNOQ0oRkpLQ6vijmKVuUlIZ4OG6TJmuqGPBMSDc9ip5frZ0KradXsOuEqcglRBgdbQ+tKP4jQiXGGGpOw7dqK8DAlFMSMz000lSRCeoDHpa8pRRKSXzW+ZwVOtjGAQC11cwbn6eyJDkZTTyNedEVKhXPZy8T+vn6rgyssoT1JFOF58FKQMqhjmwcARFQQrNtUEYUH1rhCHSCCsdHymDsFZPnmVdBp1x647dxfV5nURRxmcgAqoAQdcgia4BS3QBhg8gmfwCt6MJ+PFeDc+Fq0lo5g5Bn9gfP4AqsGZgA==</latexit><latexit sha1_base64="9EMIvSThd2x+0pfIxVeXwTSHs2E=">AAACC3icbVC7TsMwFHXKq4RXgJHFaoVUliopSDBWsDAWiT6kJq0c12msOk5kO0hV1J2FX2FhACFWfoCNv8FpM0DLka50dM699r3HTxiVyra/jdLa+sbmVnnb3Nnd2z+wDo86Mk4FJm0cs1j0fCQJo5y0FVWM9BJBUOQz0vUnN7nffSBC0pjfq2lCvAiNOQ0oRkpLQ6vijmKVuUlIZ4OG6TJmuqGPBMSDc9ip5frZ0KradXsOuEqcglRBgdbQ+tKP4jQiXGGGpOw7dqK8DAlFMSMz000lSRCeoDHpa8pRRKSXzW+ZwVOtjGAQC11cwbn6eyJDkZTTyNedEVKhXPZy8T+vn6rgyssoT1JFOF58FKQMqhjmwcARFQQrNtUEYUH1rhCHSCCsdHymDsFZPnmVdBp1x647dxfV5nURRxmcgAqoAQdcgia4BS3QBhg8gmfwCt6MJ+PFeDc+Fq0lo5g5Bn9gfP4AqsGZgA==</latexit><latexit sha1_base64="9EMIvSThd2x+0pfIxVeXwTSHs2E=">AAACC3icbVC7TsMwFHXKq4RXgJHFaoVUliopSDBWsDAWiT6kJq0c12msOk5kO0hV1J2FX2FhACFWfoCNv8FpM0DLka50dM699r3HTxiVyra/jdLa+sbmVnnb3Nnd2z+wDo86Mk4FJm0cs1j0fCQJo5y0FVWM9BJBUOQz0vUnN7nffSBC0pjfq2lCvAiNOQ0oRkpLQ6vijmKVuUlIZ4OG6TJmuqGPBMSDc9ip5frZ0KradXsOuEqcglRBgdbQ+tKP4jQiXGGGpOw7dqK8DAlFMSMz000lSRCeoDHpa8pRRKSXzW+ZwVOtjGAQC11cwbn6eyJDkZTTyNedEVKhXPZy8T+vn6rgyssoT1JFOF58FKQMqhjmwcARFQQrNtUEYUH1rhCHSCCsdHymDsFZPnmVdBp1x647dxfV5nURRxmcgAqoAQdcgia4BS3QBhg8gmfwCt6MJ+PFeDc+Fq0lo5g5Bn9gfP4AqsGZgA==</latexit>

densidade de energia do Universo 
dominada pelo potencial do inflaton

velocidade terminal do inflaton

�̇ = �~c3
3H

dV

d�
<latexit sha1_base64="tg0FxNAkRMi2T8LAyu8/cTt1EMM=">AAACHHicbVDLSsNAFJ34rPEVdelmsAhuLIkVdCMU3XRZwT6giWUymbRDJ5MwMxFKyIe48VfcuFDEjQvBv3GaZqGtBwbOPfce7tzjJ4xKZdvfxtLyyuraemXD3Nza3tm19vY7Mk4FJm0cs1j0fCQJo5y0FVWM9BJBUOQz0vXHN9N+94EISWN+pyYJ8SI05DSkGCktDay6G8Qqc5MRzc0r8zRzRz4SEN/XoRtrH6w3czMLOmUVFIMDq2rX7AJwkTglqYISrYH1qbfgNCJcYYak7Dt2orwMCUUxI7npppIkCI/RkPQ15Sgi0suK43J4rJUAhrHQjytYqL8dGYqknES+noyQGsn53lT8r9dPVXjpZZQnqSIczxaFKYMqhtOkYEAFwYpNNEFYUP1XiEdIIKx0nqYOwZk/eZF0zmqOXXNuz6uN6zKOCjgER+AEOOACNEATtEAbYPAInsEreDOejBfj3fiYjS4ZpecA/IHx9QNeU6BM</latexit><latexit sha1_base64="tg0FxNAkRMi2T8LAyu8/cTt1EMM=">AAACHHicbVDLSsNAFJ34rPEVdelmsAhuLIkVdCMU3XRZwT6giWUymbRDJ5MwMxFKyIe48VfcuFDEjQvBv3GaZqGtBwbOPfce7tzjJ4xKZdvfxtLyyuraemXD3Nza3tm19vY7Mk4FJm0cs1j0fCQJo5y0FVWM9BJBUOQz0vXHN9N+94EISWN+pyYJ8SI05DSkGCktDay6G8Qqc5MRzc0r8zRzRz4SEN/XoRtrH6w3czMLOmUVFIMDq2rX7AJwkTglqYISrYH1qbfgNCJcYYak7Dt2orwMCUUxI7npppIkCI/RkPQ15Sgi0suK43J4rJUAhrHQjytYqL8dGYqknES+noyQGsn53lT8r9dPVXjpZZQnqSIczxaFKYMqhtOkYEAFwYpNNEFYUP1XiEdIIKx0nqYOwZk/eZF0zmqOXXNuz6uN6zKOCjgER+AEOOACNEATtEAbYPAInsEreDOejBfj3fiYjS4ZpecA/IHx9QNeU6BM</latexit><latexit sha1_base64="tg0FxNAkRMi2T8LAyu8/cTt1EMM=">AAACHHicbVDLSsNAFJ34rPEVdelmsAhuLIkVdCMU3XRZwT6giWUymbRDJ5MwMxFKyIe48VfcuFDEjQvBv3GaZqGtBwbOPfce7tzjJ4xKZdvfxtLyyuraemXD3Nza3tm19vY7Mk4FJm0cs1j0fCQJo5y0FVWM9BJBUOQz0vXHN9N+94EISWN+pyYJ8SI05DSkGCktDay6G8Qqc5MRzc0r8zRzRz4SEN/XoRtrH6w3czMLOmUVFIMDq2rX7AJwkTglqYISrYH1qbfgNCJcYYak7Dt2orwMCUUxI7npppIkCI/RkPQ15Sgi0suK43J4rJUAhrHQjytYqL8dGYqknES+noyQGsn53lT8r9dPVXjpZZQnqSIczxaFKYMqhtOkYEAFwYpNNEFYUP1XiEdIIKx0nqYOwZk/eZF0zmqOXXNuz6uN6zKOCjgER+AEOOACNEATtEAbYPAInsEreDOejBfj3fiYjS4ZpecA/IHx9QNeU6BM</latexit><latexit sha1_base64="tg0FxNAkRMi2T8LAyu8/cTt1EMM=">AAACHHicbVDLSsNAFJ34rPEVdelmsAhuLIkVdCMU3XRZwT6giWUymbRDJ5MwMxFKyIe48VfcuFDEjQvBv3GaZqGtBwbOPfce7tzjJ4xKZdvfxtLyyuraemXD3Nza3tm19vY7Mk4FJm0cs1j0fCQJo5y0FVWM9BJBUOQz0vXHN9N+94EISWN+pyYJ8SI05DSkGCktDay6G8Qqc5MRzc0r8zRzRz4SEN/XoRtrH6w3czMLOmUVFIMDq2rX7AJwkTglqYISrYH1qbfgNCJcYYak7Dt2orwMCUUxI7npppIkCI/RkPQ15Sgi0suK43J4rJUAhrHQjytYqL8dGYqknES+noyQGsn53lT8r9dPVXjpZZQnqSIczxaFKYMqhtOkYEAFwYpNNEFYUP1XiEdIIKx0nqYOwZk/eZF0zmqOXXNuz6uN6zKOCjgER+AEOOACNEATtEAbYPAInsEreDOejBfj3fiYjS4ZpecA/IHx9QNeU6BM</latexit>

✓
dV

d�

◆2

⌧ 9H2V

~c3
<latexit sha1_base64="ir0aFVHLj/v7jc2Hiq2dk5URRzg="></latexit><latexit sha1_base64="ir0aFVHLj/v7jc2Hiq2dk5URRzg="></latexit><latexit sha1_base64="ir0aFVHLj/v7jc2Hiq2dk5URRzg="></latexit><latexit sha1_base64="ir0aFVHLj/v7jc2Hiq2dk5URRzg="></latexit>

H =

✓
8⇡G✏�
3c2

◆1/2

=

✓
8⇡GV

3c2

◆1/2

<latexit sha1_base64="OptWs8nqUmKNXiGXXqzIzXXQAA0="></latexit><latexit sha1_base64="OptWs8nqUmKNXiGXXqzIzXXQAA0="></latexit><latexit sha1_base64="OptWs8nqUmKNXiGXXqzIzXXQAA0="></latexit><latexit sha1_base64="OptWs8nqUmKNXiGXXqzIzXXQAA0="></latexit>

✓
dV

d�

◆2

⌧ 24⇡GV 2

~c5
<latexit sha1_base64="7qxidpbvwVtwrA39jMQCheo8BNo="></latexit><latexit sha1_base64="7qxidpbvwVtwrA39jMQCheo8BNo="></latexit><latexit sha1_base64="7qxidpbvwVtwrA39jMQCheo8BNo="></latexit><latexit sha1_base64="7qxidpbvwVtwrA39jMQCheo8BNo="></latexit>

✓
EP

V

dV

d�

◆2

⌧ 1
<latexit sha1_base64="1a/dC3ddTGmd9Mc/RB4iImSEBSE=">AAACInicbVDLSsNAFJ34rPFVdelmsAh1U5IiqLuiCC4r2Ac0NUwmk2bo5MHMjVBCv8WNv+LGhaKuBD/GaZuFth4YOPece7lzj5cKrsCyvoyl5ZXVtfXShrm5tb2zW97bb6skk5S1aCIS2fWIYoLHrAUcBOumkpHIE6zjDa8mfueBScWT+A5GKetHZBDzgFMCWnLLF45gAeCqmV+7Tewkuhe3x2but4vCx04a8rHpSD4IAZ/g+7rpCGHabrli1awp8CKxC1JBBZpu+cPxE5pFLAYqiFI920qhnxMJnAqmN2SKpYQOyYD1NI1JxFQ/n544xsda8XGQSP1iwFP190ROIqVGkac7IwKhmvcm4n9eL4PgvJ/zOM2AxXS2KMgEhgRP8sI+l4yCGGlCqOT6r5iGRBIKOlVTh2DPn7xI2vWabdXs29NK47KIo4QO0RGqIhudoQa6QU3UQhQ9omf0it6MJ+PFeDc+Z61LRjFzgP7A+P4BTwShAw==</latexit><latexit sha1_base64="1a/dC3ddTGmd9Mc/RB4iImSEBSE=">AAACInicbVDLSsNAFJ34rPFVdelmsAh1U5IiqLuiCC4r2Ac0NUwmk2bo5MHMjVBCv8WNv+LGhaKuBD/GaZuFth4YOPece7lzj5cKrsCyvoyl5ZXVtfXShrm5tb2zW97bb6skk5S1aCIS2fWIYoLHrAUcBOumkpHIE6zjDa8mfueBScWT+A5GKetHZBDzgFMCWnLLF45gAeCqmV+7Tewkuhe3x2but4vCx04a8rHpSD4IAZ/g+7rpCGHabrli1awp8CKxC1JBBZpu+cPxE5pFLAYqiFI920qhnxMJnAqmN2SKpYQOyYD1NI1JxFQ/n544xsda8XGQSP1iwFP190ROIqVGkac7IwKhmvcm4n9eL4PgvJ/zOM2AxXS2KMgEhgRP8sI+l4yCGGlCqOT6r5iGRBIKOlVTh2DPn7xI2vWabdXs29NK47KIo4QO0RGqIhudoQa6QU3UQhQ9omf0it6MJ+PFeDc+Z61LRjFzgP7A+P4BTwShAw==</latexit><latexit sha1_base64="1a/dC3ddTGmd9Mc/RB4iImSEBSE=">AAACInicbVDLSsNAFJ34rPFVdelmsAh1U5IiqLuiCC4r2Ac0NUwmk2bo5MHMjVBCv8WNv+LGhaKuBD/GaZuFth4YOPece7lzj5cKrsCyvoyl5ZXVtfXShrm5tb2zW97bb6skk5S1aCIS2fWIYoLHrAUcBOumkpHIE6zjDa8mfueBScWT+A5GKetHZBDzgFMCWnLLF45gAeCqmV+7Tewkuhe3x2but4vCx04a8rHpSD4IAZ/g+7rpCGHabrli1awp8CKxC1JBBZpu+cPxE5pFLAYqiFI920qhnxMJnAqmN2SKpYQOyYD1NI1JxFQ/n544xsda8XGQSP1iwFP190ROIqVGkac7IwKhmvcm4n9eL4PgvJ/zOM2AxXS2KMgEhgRP8sI+l4yCGGlCqOT6r5iGRBIKOlVTh2DPn7xI2vWabdXs29NK47KIo4QO0RGqIhudoQa6QU3UQhQ9omf0it6MJ+PFeDc+Z61LRjFzgP7A+P4BTwShAw==</latexit><latexit sha1_base64="1a/dC3ddTGmd9Mc/RB4iImSEBSE=">AAACInicbVDLSsNAFJ34rPFVdelmsAh1U5IiqLuiCC4r2Ac0NUwmk2bo5MHMjVBCv8WNv+LGhaKuBD/GaZuFth4YOPece7lzj5cKrsCyvoyl5ZXVtfXShrm5tb2zW97bb6skk5S1aCIS2fWIYoLHrAUcBOumkpHIE6zjDa8mfueBScWT+A5GKetHZBDzgFMCWnLLF45gAeCqmV+7Tewkuhe3x2but4vCx04a8rHpSD4IAZ/g+7rpCGHabrli1awp8CKxC1JBBZpu+cPxE5pFLAYqiFI920qhnxMJnAqmN2SKpYQOyYD1NI1JxFQ/n544xsda8XGQSP1iwFP190ROIqVGkac7IwKhmvcm4n9eL4PgvJ/zOM2AxXS2KMgEhgRP8sI+l4yCGGlCqOT6r5iGRBIKOlVTh2DPn7xI2vWabdXs29NK47KIo4QO0RGqIhudoQa6QU3UQhQ9omf0it6MJ+PFeDc+Z61LRjFzgP7A+P4BTwShAw==</latexit>

ou

EP =

✓
~c5
G

◆1/2

<latexit sha1_base64="QSsqwitlxaJBVqBPDEM/i0IT/nQ=">AAACG3icbVDLSgMxFM34rOOr6tJNsAh1U2eKohuhKKLLCvYBnbZk0kwnNPMguSOUof/hxl9x40IRV4IL/8a0nYW2HggczrmHm3vcWHAFlvVtLCwuLa+s5tbM9Y3Nre38zm5dRYmkrEYjEcmmSxQTPGQ14CBYM5aMBK5gDXdwNfYbD0wqHoX3MIxZOyD9kHucEtBSN1++7lbxhekI5gEumqnju0Ri2jnFTqRz+GZkOpL3fcBHuJPax+WR2c0XrJI1AZ4ndkYKKEO1m/90ehFNAhYCFUSplm3F0E6JBE4F0wsSxWJCB6TPWpqGJGCqnU5uG+FDrfSwF0n9QsAT9XciJYFSw8DVkwEBX816Y/E/r5WAd95OeRgnwEI6XeQlAkOEx0XhHpeMghhqQqjk+q+Y+kQSCrrOcQn27MnzpF4u2VbJvjspVC6zOnJoHx2gIrLRGaqgW1RFNUTRI3pGr+jNeDJejHfjYzq6YGSZPfQHxtcPT/Gd2A==</latexit><latexit sha1_base64="QSsqwitlxaJBVqBPDEM/i0IT/nQ=">AAACG3icbVDLSgMxFM34rOOr6tJNsAh1U2eKohuhKKLLCvYBnbZk0kwnNPMguSOUof/hxl9x40IRV4IL/8a0nYW2HggczrmHm3vcWHAFlvVtLCwuLa+s5tbM9Y3Nre38zm5dRYmkrEYjEcmmSxQTPGQ14CBYM5aMBK5gDXdwNfYbD0wqHoX3MIxZOyD9kHucEtBSN1++7lbxhekI5gEumqnju0Ri2jnFTqRz+GZkOpL3fcBHuJPax+WR2c0XrJI1AZ4ndkYKKEO1m/90ehFNAhYCFUSplm3F0E6JBE4F0wsSxWJCB6TPWpqGJGCqnU5uG+FDrfSwF0n9QsAT9XciJYFSw8DVkwEBX816Y/E/r5WAd95OeRgnwEI6XeQlAkOEx0XhHpeMghhqQqjk+q+Y+kQSCrrOcQn27MnzpF4u2VbJvjspVC6zOnJoHx2gIrLRGaqgW1RFNUTRI3pGr+jNeDJejHfjYzq6YGSZPfQHxtcPT/Gd2A==</latexit><latexit sha1_base64="QSsqwitlxaJBVqBPDEM/i0IT/nQ=">AAACG3icbVDLSgMxFM34rOOr6tJNsAh1U2eKohuhKKLLCvYBnbZk0kwnNPMguSOUof/hxl9x40IRV4IL/8a0nYW2HggczrmHm3vcWHAFlvVtLCwuLa+s5tbM9Y3Nre38zm5dRYmkrEYjEcmmSxQTPGQ14CBYM5aMBK5gDXdwNfYbD0wqHoX3MIxZOyD9kHucEtBSN1++7lbxhekI5gEumqnju0Ri2jnFTqRz+GZkOpL3fcBHuJPax+WR2c0XrJI1AZ4ndkYKKEO1m/90ehFNAhYCFUSplm3F0E6JBE4F0wsSxWJCB6TPWpqGJGCqnU5uG+FDrfSwF0n9QsAT9XciJYFSw8DVkwEBX816Y/E/r5WAd95OeRgnwEI6XeQlAkOEx0XhHpeMghhqQqjk+q+Y+kQSCrrOcQn27MnzpF4u2VbJvjspVC6zOnJoHx2gIrLRGaqgW1RFNUTRI3pGr+jNeDJejHfjYzq6YGSZPfQHxtcPT/Gd2A==</latexit><latexit sha1_base64="QSsqwitlxaJBVqBPDEM/i0IT/nQ=">AAACG3icbVDLSgMxFM34rOOr6tJNsAh1U2eKohuhKKLLCvYBnbZk0kwnNPMguSOUof/hxl9x40IRV4IL/8a0nYW2HggczrmHm3vcWHAFlvVtLCwuLa+s5tbM9Y3Nre38zm5dRYmkrEYjEcmmSxQTPGQ14CBYM5aMBK5gDXdwNfYbD0wqHoX3MIxZOyD9kHucEtBSN1++7lbxhekI5gEumqnju0Ri2jnFTqRz+GZkOpL3fcBHuJPax+WR2c0XrJI1AZ4ndkYKKEO1m/90ehFNAhYCFUSplm3F0E6JBE4F0wsSxWJCB6TPWpqGJGCqnU5uG+FDrfSwF0n9QsAT9XciJYFSw8DVkwEBX816Y/E/r5WAd95OeRgnwEI6XeQlAkOEx0XhHpeMghhqQqjk+q+Y+kQSCrrOcQn27MnzpF4u2VbJvjspVC6zOnJoHx2gIrLRGaqgW1RFNUTRI3pGr+jNeDJejHfjYzq6YGSZPfQHxtcPT/Gd2A==</latexit>
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✓
EP

V

dV

d�

◆2

⌧ 1
<latexit sha1_base64="1a/dC3ddTGmd9Mc/RB4iImSEBSE=">AAACInicbVDLSsNAFJ34rPFVdelmsAh1U5IiqLuiCC4r2Ac0NUwmk2bo5MHMjVBCv8WNv+LGhaKuBD/GaZuFth4YOPece7lzj5cKrsCyvoyl5ZXVtfXShrm5tb2zW97bb6skk5S1aCIS2fWIYoLHrAUcBOumkpHIE6zjDa8mfueBScWT+A5GKetHZBDzgFMCWnLLF45gAeCqmV+7Tewkuhe3x2but4vCx04a8rHpSD4IAZ/g+7rpCGHabrli1awp8CKxC1JBBZpu+cPxE5pFLAYqiFI920qhnxMJnAqmN2SKpYQOyYD1NI1JxFQ/n544xsda8XGQSP1iwFP190ROIqVGkac7IwKhmvcm4n9eL4PgvJ/zOM2AxXS2KMgEhgRP8sI+l4yCGGlCqOT6r5iGRBIKOlVTh2DPn7xI2vWabdXs29NK47KIo4QO0RGqIhudoQa6QU3UQhQ9omf0it6MJ+PFeDc+Z61LRjFzgP7A+P4BTwShAw==</latexit><latexit sha1_base64="1a/dC3ddTGmd9Mc/RB4iImSEBSE=">AAACInicbVDLSsNAFJ34rPFVdelmsAh1U5IiqLuiCC4r2Ac0NUwmk2bo5MHMjVBCv8WNv+LGhaKuBD/GaZuFth4YOPece7lzj5cKrsCyvoyl5ZXVtfXShrm5tb2zW97bb6skk5S1aCIS2fWIYoLHrAUcBOumkpHIE6zjDa8mfueBScWT+A5GKetHZBDzgFMCWnLLF45gAeCqmV+7Tewkuhe3x2but4vCx04a8rHpSD4IAZ/g+7rpCGHabrli1awp8CKxC1JBBZpu+cPxE5pFLAYqiFI920qhnxMJnAqmN2SKpYQOyYD1NI1JxFQ/n544xsda8XGQSP1iwFP190ROIqVGkac7IwKhmvcm4n9eL4PgvJ/zOM2AxXS2KMgEhgRP8sI+l4yCGGlCqOT6r5iGRBIKOlVTh2DPn7xI2vWabdXs29NK47KIo4QO0RGqIhudoQa6QU3UQhQ9omf0it6MJ+PFeDc+Z61LRjFzgP7A+P4BTwShAw==</latexit><latexit sha1_base64="1a/dC3ddTGmd9Mc/RB4iImSEBSE=">AAACInicbVDLSsNAFJ34rPFVdelmsAh1U5IiqLuiCC4r2Ac0NUwmk2bo5MHMjVBCv8WNv+LGhaKuBD/GaZuFth4YOPece7lzj5cKrsCyvoyl5ZXVtfXShrm5tb2zW97bb6skk5S1aCIS2fWIYoLHrAUcBOumkpHIE6zjDa8mfueBScWT+A5GKetHZBDzgFMCWnLLF45gAeCqmV+7Tewkuhe3x2but4vCx04a8rHpSD4IAZ/g+7rpCGHabrli1awp8CKxC1JBBZpu+cPxE5pFLAYqiFI920qhnxMJnAqmN2SKpYQOyYD1NI1JxFQ/n544xsda8XGQSP1iwFP190ROIqVGkac7IwKhmvcm4n9eL4PgvJ/zOM2AxXS2KMgEhgRP8sI+l4yCGGlCqOT6r5iGRBIKOlVTh2DPn7xI2vWabdXs29NK47KIo4QO0RGqIhudoQa6QU3UQhQ9omf0it6MJ+PFeDc+Z61LRjFzgP7A+P4BTwShAw==</latexit><latexit sha1_base64="1a/dC3ddTGmd9Mc/RB4iImSEBSE=">AAACInicbVDLSsNAFJ34rPFVdelmsAh1U5IiqLuiCC4r2Ac0NUwmk2bo5MHMjVBCv8WNv+LGhaKuBD/GaZuFth4YOPece7lzj5cKrsCyvoyl5ZXVtfXShrm5tb2zW97bb6skk5S1aCIS2fWIYoLHrAUcBOumkpHIE6zjDa8mfueBScWT+A5GKetHZBDzgFMCWnLLF45gAeCqmV+7Tewkuhe3x2but4vCx04a8rHpSD4IAZ/g+7rpCGHabrli1awp8CKxC1JBBZpu+cPxE5pFLAYqiFI920qhnxMJnAqmN2SKpYQOyYD1NI1JxFQ/n544xsda8XGQSP1iwFP190ROIqVGkac7IwKhmvcm4n9eL4PgvJ/zOM2AxXS2KMgEhgRP8sI+l4yCGGlCqOT6r5iGRBIKOlVTh2DPn7xI2vWabdXs29NK47KIo4QO0RGqIhudoQa6QU3UQhQ9omf0it6MJ+PFeDc+Z61LRjFzgP7A+P4BTwShAw==</latexit>

Introduction to Cosmology (Ryden, 2017)

Se a taxa de mudança de V é 
muito pequena e a amplitude de 
V é suficientemente alta para 
dominar a densidade de energia 
do Universo, então o inflaton é 
capaz de gerar expansão 
exponencial.
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✓
EP

V

dV

d�

◆2

⌧ 1
<latexit sha1_base64="1a/dC3ddTGmd9Mc/RB4iImSEBSE=">AAACInicbVDLSsNAFJ34rPFVdelmsAh1U5IiqLuiCC4r2Ac0NUwmk2bo5MHMjVBCv8WNv+LGhaKuBD/GaZuFth4YOPece7lzj5cKrsCyvoyl5ZXVtfXShrm5tb2zW97bb6skk5S1aCIS2fWIYoLHrAUcBOumkpHIE6zjDa8mfueBScWT+A5GKetHZBDzgFMCWnLLF45gAeCqmV+7Tewkuhe3x2but4vCx04a8rHpSD4IAZ/g+7rpCGHabrli1awp8CKxC1JBBZpu+cPxE5pFLAYqiFI920qhnxMJnAqmN2SKpYQOyYD1NI1JxFQ/n544xsda8XGQSP1iwFP190ROIqVGkac7IwKhmvcm4n9eL4PgvJ/zOM2AxXS2KMgEhgRP8sI+l4yCGGlCqOT6r5iGRBIKOlVTh2DPn7xI2vWabdXs29NK47KIo4QO0RGqIhudoQa6QU3UQhQ9omf0it6MJ+PFeDc+Z61LRjFzgP7A+P4BTwShAw==</latexit><latexit sha1_base64="1a/dC3ddTGmd9Mc/RB4iImSEBSE=">AAACInicbVDLSsNAFJ34rPFVdelmsAh1U5IiqLuiCC4r2Ac0NUwmk2bo5MHMjVBCv8WNv+LGhaKuBD/GaZuFth4YOPece7lzj5cKrsCyvoyl5ZXVtfXShrm5tb2zW97bb6skk5S1aCIS2fWIYoLHrAUcBOumkpHIE6zjDa8mfueBScWT+A5GKetHZBDzgFMCWnLLF45gAeCqmV+7Tewkuhe3x2but4vCx04a8rHpSD4IAZ/g+7rpCGHabrli1awp8CKxC1JBBZpu+cPxE5pFLAYqiFI920qhnxMJnAqmN2SKpYQOyYD1NI1JxFQ/n544xsda8XGQSP1iwFP190ROIqVGkac7IwKhmvcm4n9eL4PgvJ/zOM2AxXS2KMgEhgRP8sI+l4yCGGlCqOT6r5iGRBIKOlVTh2DPn7xI2vWabdXs29NK47KIo4QO0RGqIhudoQa6QU3UQhQ9omf0it6MJ+PFeDc+Z61LRjFzgP7A+P4BTwShAw==</latexit><latexit sha1_base64="1a/dC3ddTGmd9Mc/RB4iImSEBSE=">AAACInicbVDLSsNAFJ34rPFVdelmsAh1U5IiqLuiCC4r2Ac0NUwmk2bo5MHMjVBCv8WNv+LGhaKuBD/GaZuFth4YOPece7lzj5cKrsCyvoyl5ZXVtfXShrm5tb2zW97bb6skk5S1aCIS2fWIYoLHrAUcBOumkpHIE6zjDa8mfueBScWT+A5GKetHZBDzgFMCWnLLF45gAeCqmV+7Tewkuhe3x2but4vCx04a8rHpSD4IAZ/g+7rpCGHabrli1awp8CKxC1JBBZpu+cPxE5pFLAYqiFI920qhnxMJnAqmN2SKpYQOyYD1NI1JxFQ/n544xsda8XGQSP1iwFP190ROIqVGkac7IwKhmvcm4n9eL4PgvJ/zOM2AxXS2KMgEhgRP8sI+l4yCGGlCqOT6r5iGRBIKOlVTh2DPn7xI2vWabdXs29NK47KIo4QO0RGqIhudoQa6QU3UQhQ9omf0it6MJ+PFeDc+Z61LRjFzgP7A+P4BTwShAw==</latexit><latexit sha1_base64="1a/dC3ddTGmd9Mc/RB4iImSEBSE=">AAACInicbVDLSsNAFJ34rPFVdelmsAh1U5IiqLuiCC4r2Ac0NUwmk2bo5MHMjVBCv8WNv+LGhaKuBD/GaZuFth4YOPece7lzj5cKrsCyvoyl5ZXVtfXShrm5tb2zW97bb6skk5S1aCIS2fWIYoLHrAUcBOumkpHIE6zjDa8mfueBScWT+A5GKetHZBDzgFMCWnLLF45gAeCqmV+7Tewkuhe3x2but4vCx04a8rHpSD4IAZ/g+7rpCGHabrli1awp8CKxC1JBBZpu+cPxE5pFLAYqiFI920qhnxMJnAqmN2SKpYQOyYD1NI1JxFQ/n544xsda8XGQSP1iwFP190ROIqVGkac7IwKhmvcm4n9eL4PgvJ/zOM2AxXS2KMgEhgRP8sI+l4yCGGlCqOT6r5iGRBIKOlVTh2DPn7xI2vWabdXs29NK47KIo4QO0RGqIhudoQa6QU3UQhQ9omf0it6MJ+PFeDc+Z61LRjFzgP7A+P4BTwShAw==</latexit>

Introduction to Cosmology (Ryden, 2017)

Se a taxa de mudança de V é 
muito pequena e a amplitude de 
V é suficientemente alta para 
dominar a densidade de energia 
do Universo, então o inflaton é 
capaz de gerar expansão 
exponencial.

“vácuo verdadeiro”

estado de “vácuo 
falso metaestável”
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✓
EP

V

dV

d�

◆2

⌧ 1
<latexit sha1_base64="1a/dC3ddTGmd9Mc/RB4iImSEBSE=">AAACInicbVDLSsNAFJ34rPFVdelmsAh1U5IiqLuiCC4r2Ac0NUwmk2bo5MHMjVBCv8WNv+LGhaKuBD/GaZuFth4YOPece7lzj5cKrsCyvoyl5ZXVtfXShrm5tb2zW97bb6skk5S1aCIS2fWIYoLHrAUcBOumkpHIE6zjDa8mfueBScWT+A5GKetHZBDzgFMCWnLLF45gAeCqmV+7Tewkuhe3x2but4vCx04a8rHpSD4IAZ/g+7rpCGHabrli1awp8CKxC1JBBZpu+cPxE5pFLAYqiFI920qhnxMJnAqmN2SKpYQOyYD1NI1JxFQ/n544xsda8XGQSP1iwFP190ROIqVGkac7IwKhmvcm4n9eL4PgvJ/zOM2AxXS2KMgEhgRP8sI+l4yCGGlCqOT6r5iGRBIKOlVTh2DPn7xI2vWabdXs29NK47KIo4QO0RGqIhudoQa6QU3UQhQ9omf0it6MJ+PFeDc+Z61LRjFzgP7A+P4BTwShAw==</latexit><latexit sha1_base64="1a/dC3ddTGmd9Mc/RB4iImSEBSE=">AAACInicbVDLSsNAFJ34rPFVdelmsAh1U5IiqLuiCC4r2Ac0NUwmk2bo5MHMjVBCv8WNv+LGhaKuBD/GaZuFth4YOPece7lzj5cKrsCyvoyl5ZXVtfXShrm5tb2zW97bb6skk5S1aCIS2fWIYoLHrAUcBOumkpHIE6zjDa8mfueBScWT+A5GKetHZBDzgFMCWnLLF45gAeCqmV+7Tewkuhe3x2but4vCx04a8rHpSD4IAZ/g+7rpCGHabrli1awp8CKxC1JBBZpu+cPxE5pFLAYqiFI920qhnxMJnAqmN2SKpYQOyYD1NI1JxFQ/n544xsda8XGQSP1iwFP190ROIqVGkac7IwKhmvcm4n9eL4PgvJ/zOM2AxXS2KMgEhgRP8sI+l4yCGGlCqOT6r5iGRBIKOlVTh2DPn7xI2vWabdXs29NK47KIo4QO0RGqIhudoQa6QU3UQhQ9omf0it6MJ+PFeDc+Z61LRjFzgP7A+P4BTwShAw==</latexit><latexit sha1_base64="1a/dC3ddTGmd9Mc/RB4iImSEBSE=">AAACInicbVDLSsNAFJ34rPFVdelmsAh1U5IiqLuiCC4r2Ac0NUwmk2bo5MHMjVBCv8WNv+LGhaKuBD/GaZuFth4YOPece7lzj5cKrsCyvoyl5ZXVtfXShrm5tb2zW97bb6skk5S1aCIS2fWIYoLHrAUcBOumkpHIE6zjDa8mfueBScWT+A5GKetHZBDzgFMCWnLLF45gAeCqmV+7Tewkuhe3x2but4vCx04a8rHpSD4IAZ/g+7rpCGHabrli1awp8CKxC1JBBZpu+cPxE5pFLAYqiFI920qhnxMJnAqmN2SKpYQOyYD1NI1JxFQ/n544xsda8XGQSP1iwFP190ROIqVGkac7IwKhmvcm4n9eL4PgvJ/zOM2AxXS2KMgEhgRP8sI+l4yCGGlCqOT6r5iGRBIKOlVTh2DPn7xI2vWabdXs29NK47KIo4QO0RGqIhudoQa6QU3UQhQ9omf0it6MJ+PFeDc+Z61LRjFzgP7A+P4BTwShAw==</latexit><latexit sha1_base64="1a/dC3ddTGmd9Mc/RB4iImSEBSE=">AAACInicbVDLSsNAFJ34rPFVdelmsAh1U5IiqLuiCC4r2Ac0NUwmk2bo5MHMjVBCv8WNv+LGhaKuBD/GaZuFth4YOPece7lzj5cKrsCyvoyl5ZXVtfXShrm5tb2zW97bb6skk5S1aCIS2fWIYoLHrAUcBOumkpHIE6zjDa8mfueBScWT+A5GKetHZBDzgFMCWnLLF45gAeCqmV+7Tewkuhe3x2but4vCx04a8rHpSD4IAZ/g+7rpCGHabrli1awp8CKxC1JBBZpu+cPxE5pFLAYqiFI920qhnxMJnAqmN2SKpYQOyYD1NI1JxFQ/n544xsda8XGQSP1iwFP190ROIqVGkac7IwKhmvcm4n9eL4PgvJ/zOM2AxXS2KMgEhgRP8sI+l4yCGGlCqOT6r5iGRBIKOlVTh2DPn7xI2vWabdXs29NK47KIo4QO0RGqIhudoQa6QU3UQhQ9omf0it6MJ+PFeDc+Z61LRjFzgP7A+P4BTwShAw==</latexit>

Introduction to Cosmology (Ryden, 2017)

Se a taxa de mudança de V é 
muito pequena e a amplitude de 
V é suficientemente alta para 
dominar a densidade de energia 
do Universo, então o inflaton é 
capaz de gerar expansão 
exponencial.

“vácuo verdadeiro”

estado de “vácuo 
falso metaestável”

✓
dV

d�

◆2

⌧ V 2
0

E2
P

<latexit sha1_base64="yhWTaoZU6+rEZ+t59RgBwTg088g="></latexit><latexit sha1_base64="yhWTaoZU6+rEZ+t59RgBwTg088g="></latexit><latexit sha1_base64="yhWTaoZU6+rEZ+t59RgBwTg088g="></latexit><latexit sha1_base64="yhWTaoZU6+rEZ+t59RgBwTg088g="></latexit>

✏� ⇡ V0 ⇡ const.
<latexit sha1_base64="6zgPVFu6bjQY9MSV5M6QFtjVqvw=">AAACG3icbZDLSgMxFIYzXmu9VV26CRbB1TBTBF0W3bisYC/QKSWTpm1obiQZsQzjc7jxVdy4UMSV4MK3MW1H0NYfAl/+cw7J+WPFqLFB8OUtLa+srq0XNoqbW9s7u6W9/YaRicakjiWTuhUjQxgVpG6pZaSlNEE8ZqQZjy4n9eYt0YZKcWPHinQ4GgjapxhZZ3VLlYgoQ5nDNFJDmsEIKaXlHWx0A1j8udynkeYQS2Gsn3VL5cAPpoKLEOZQBrlq3dJH1JM44URYzJAx7TBQtpMibSlmJCtGiSEK4REakLZDgTgxnXS6WwaPndODfandERZO3d8TKeLGjHnsOjmyQzNfm5j/1dqJ7Z93UipUYonAs4f6CYNWwklQsEc1wZaNHSCsqfsrxEOkEbYuzqILIZxfeREaFT8M/PD6tFy9yOMogENwBE5ACM5AFVyBGqgDDB7AE3gBr96j9+y9ee+z1iUvnzkAf+R9fgMWxKFq</latexit><latexit sha1_base64="6zgPVFu6bjQY9MSV5M6QFtjVqvw=">AAACG3icbZDLSgMxFIYzXmu9VV26CRbB1TBTBF0W3bisYC/QKSWTpm1obiQZsQzjc7jxVdy4UMSV4MK3MW1H0NYfAl/+cw7J+WPFqLFB8OUtLa+srq0XNoqbW9s7u6W9/YaRicakjiWTuhUjQxgVpG6pZaSlNEE8ZqQZjy4n9eYt0YZKcWPHinQ4GgjapxhZZ3VLlYgoQ5nDNFJDmsEIKaXlHWx0A1j8udynkeYQS2Gsn3VL5cAPpoKLEOZQBrlq3dJH1JM44URYzJAx7TBQtpMibSlmJCtGiSEK4REakLZDgTgxnXS6WwaPndODfandERZO3d8TKeLGjHnsOjmyQzNfm5j/1dqJ7Z93UipUYonAs4f6CYNWwklQsEc1wZaNHSCsqfsrxEOkEbYuzqILIZxfeREaFT8M/PD6tFy9yOMogENwBE5ACM5AFVyBGqgDDB7AE3gBr96j9+y9ee+z1iUvnzkAf+R9fgMWxKFq</latexit><latexit sha1_base64="6zgPVFu6bjQY9MSV5M6QFtjVqvw=">AAACG3icbZDLSgMxFIYzXmu9VV26CRbB1TBTBF0W3bisYC/QKSWTpm1obiQZsQzjc7jxVdy4UMSV4MK3MW1H0NYfAl/+cw7J+WPFqLFB8OUtLa+srq0XNoqbW9s7u6W9/YaRicakjiWTuhUjQxgVpG6pZaSlNEE8ZqQZjy4n9eYt0YZKcWPHinQ4GgjapxhZZ3VLlYgoQ5nDNFJDmsEIKaXlHWx0A1j8udynkeYQS2Gsn3VL5cAPpoKLEOZQBrlq3dJH1JM44URYzJAx7TBQtpMibSlmJCtGiSEK4REakLZDgTgxnXS6WwaPndODfandERZO3d8TKeLGjHnsOjmyQzNfm5j/1dqJ7Z93UipUYonAs4f6CYNWwklQsEc1wZaNHSCsqfsrxEOkEbYuzqILIZxfeREaFT8M/PD6tFy9yOMogENwBE5ACM5AFVyBGqgDDB7AE3gBr96j9+y9ee+z1iUvnzkAf+R9fgMWxKFq</latexit><latexit sha1_base64="6zgPVFu6bjQY9MSV5M6QFtjVqvw=">AAACG3icbZDLSgMxFIYzXmu9VV26CRbB1TBTBF0W3bisYC/QKSWTpm1obiQZsQzjc7jxVdy4UMSV4MK3MW1H0NYfAl/+cw7J+WPFqLFB8OUtLa+srq0XNoqbW9s7u6W9/YaRicakjiWTuhUjQxgVpG6pZaSlNEE8ZqQZjy4n9eYt0YZKcWPHinQ4GgjapxhZZ3VLlYgoQ5nDNFJDmsEIKaXlHWx0A1j8udynkeYQS2Gsn3VL5cAPpoKLEOZQBrlq3dJH1JM44URYzJAx7TBQtpMibSlmJCtGiSEK4REakLZDgTgxnXS6WwaPndODfandERZO3d8TKeLGjHnsOjmyQzNfm5j/1dqJ7Z93UipUYonAs4f6CYNWwklQsEc1wZaNHSCsqfsrxEOkEbYuzqILIZxfeREaFT8M/PD6tFy9yOMogENwBE5ACM5AFVyBGqgDDB7AE3gBr96j9+y9ee+z1iUvnzkAf+R9fgMWxKFq</latexit>

“slow roll”

Platô suficientemente amplo, 
pode durar muitos tempos de 

Hubble
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<latexit sha1_base64="3e9sgZaDBH0NeORcPIpHaFQRaUQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaYmRVCyEd48aCIV7/Hm3/jbLIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdop7+7tHxxWjo5bJs00wyZLRao7ETUouMSm5VZgR2mkSSSwHY3vcr/9hNrwVD7aicIwoUPJY86odVK7p0a875f7lapf8+cgqyQoSBUKNPqVr94gZVmC0jJBjekGvrLhlGrLmcBZuZcZVJSN6RC7jkqaoAmn83Nn5NwpAxKn2pW0ZK7+npjSxJhJErnOhNqRWfZy8T+vm9n4JpxyqTKLki0WxZkgNiX572TANTIrJo5Qprm7lbAR1ZRZl1AeQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbp7wX7937WLSuecXMCfyB9/kDcASO9g==</latexit><latexit sha1_base64="3e9sgZaDBH0NeORcPIpHaFQRaUQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaYmRVCyEd48aCIV7/Hm3/jbLIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdop7+7tHxxWjo5bJs00wyZLRao7ETUouMSm5VZgR2mkSSSwHY3vcr/9hNrwVD7aicIwoUPJY86odVK7p0a875f7lapf8+cgqyQoSBUKNPqVr94gZVmC0jJBjekGvrLhlGrLmcBZuZcZVJSN6RC7jkqaoAmn83Nn5NwpAxKn2pW0ZK7+npjSxJhJErnOhNqRWfZy8T+vm9n4JpxyqTKLki0WxZkgNiX572TANTIrJo5Qprm7lbAR1ZRZl1AeQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbp7wX7937WLSuecXMCfyB9/kDcASO9g==</latexit><latexit sha1_base64="3e9sgZaDBH0NeORcPIpHaFQRaUQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaYmRVCyEd48aCIV7/Hm3/jbLIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdop7+7tHxxWjo5bJs00wyZLRao7ETUouMSm5VZgR2mkSSSwHY3vcr/9hNrwVD7aicIwoUPJY86odVK7p0a875f7lapf8+cgqyQoSBUKNPqVr94gZVmC0jJBjekGvrLhlGrLmcBZuZcZVJSN6RC7jkqaoAmn83Nn5NwpAxKn2pW0ZK7+npjSxJhJErnOhNqRWfZy8T+vm9n4JpxyqTKLki0WxZkgNiX572TANTIrJo5Qprm7lbAR1ZRZl1AeQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbp7wX7937WLSuecXMCfyB9/kDcASO9g==</latexit><latexit sha1_base64="3e9sgZaDBH0NeORcPIpHaFQRaUQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaYmRVCyEd48aCIV7/Hm3/jbLIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdop7+7tHxxWjo5bJs00wyZLRao7ETUouMSm5VZgR2mkSSSwHY3vcr/9hNrwVD7aicIwoUPJY86odVK7p0a875f7lapf8+cgqyQoSBUKNPqVr94gZVmC0jJBjekGvrLhlGrLmcBZuZcZVJSN6RC7jkqaoAmn83Nn5NwpAxKn2pW0ZK7+npjSxJhJErnOhNqRWfZy8T+vm9n4JpxyqTKLki0WxZkgNiX572TANTIrJo5Qprm7lbAR1ZRZl1AeQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbp7wX7937WLSuecXMCfyB9/kDcASO9g==</latexit>

V0
<latexit sha1_base64="xtzEE0KJZRX/FMnjEy49HwvnzA4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2k3bp7ibsboQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEAturOt+O6WNza3tnfJuZW//4PCoenzSMVGiGbZZJCLdC6hBwRW2LbcCe7FGKgOB3WB6l/vdJ9SGR+rRzmL0JR0rHnJGbS51hm5lWK25dXcBsk68gtSgQGtY/RqMIpZIVJYJakzfc2Prp1RbzgTOK4PEYEzZlI6xn1FFJRo/Xdw6JxeZMiJhpLNSlizU3xMplcbMZJB1SmonZtXLxf+8fmLDGz/lKk4sKrZcFCaC2Ijkj5MR18ismGWEMs2zWwmbUE2ZzeLJQ/BWX14nnau659a9h+ta87aIowxncA6X4EEDmnAPLWgDgwk8wyu8OdJ5cd6dj2VrySlmTuEPnM8fC1WNkQ==</latexit><latexit sha1_base64="xtzEE0KJZRX/FMnjEy49HwvnzA4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2k3bp7ibsboQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEAturOt+O6WNza3tnfJuZW//4PCoenzSMVGiGbZZJCLdC6hBwRW2LbcCe7FGKgOB3WB6l/vdJ9SGR+rRzmL0JR0rHnJGbS51hm5lWK25dXcBsk68gtSgQGtY/RqMIpZIVJYJakzfc2Prp1RbzgTOK4PEYEzZlI6xn1FFJRo/Xdw6JxeZMiJhpLNSlizU3xMplcbMZJB1SmonZtXLxf+8fmLDGz/lKk4sKrZcFCaC2Ijkj5MR18ismGWEMs2zWwmbUE2ZzeLJQ/BWX14nnau659a9h+ta87aIowxncA6X4EEDmnAPLWgDgwk8wyu8OdJ5cd6dj2VrySlmTuEPnM8fC1WNkQ==</latexit><latexit sha1_base64="xtzEE0KJZRX/FMnjEy49HwvnzA4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2k3bp7ibsboQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEAturOt+O6WNza3tnfJuZW//4PCoenzSMVGiGbZZJCLdC6hBwRW2LbcCe7FGKgOB3WB6l/vdJ9SGR+rRzmL0JR0rHnJGbS51hm5lWK25dXcBsk68gtSgQGtY/RqMIpZIVJYJakzfc2Prp1RbzgTOK4PEYEzZlI6xn1FFJRo/Xdw6JxeZMiJhpLNSlizU3xMplcbMZJB1SmonZtXLxf+8fmLDGz/lKk4sKrZcFCaC2Ijkj5MR18ismGWEMs2zWwmbUE2ZzeLJQ/BWX14nnau659a9h+ta87aIowxncA6X4EEDmnAPLWgDgwk8wyu8OdJ5cd6dj2VrySlmTuEPnM8fC1WNkQ==</latexit><latexit sha1_base64="xtzEE0KJZRX/FMnjEy49HwvnzA4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2k3bp7ibsboQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEAturOt+O6WNza3tnfJuZW//4PCoenzSMVGiGbZZJCLdC6hBwRW2LbcCe7FGKgOB3WB6l/vdJ9SGR+rRzmL0JR0rHnJGbS51hm5lWK25dXcBsk68gtSgQGtY/RqMIpZIVJYJakzfc2Prp1RbzgTOK4PEYEzZlI6xn1FFJRo/Xdw6JxeZMiJhpLNSlizU3xMplcbMZJB1SmonZtXLxf+8fmLDGz/lKk4sKrZcFCaC2Ijkj5MR18ismGWEMs2zWwmbUE2ZzeLJQ/BWX14nnau659a9h+ta87aIowxncA6X4EEDmnAPLWgDgwk8wyu8OdJ5cd6dj2VrySlmTuEPnM8fC1WNkQ==</latexit>

dV

d�
<latexit sha1_base64="BhBp55pLDVVh5+sTz/mOw36rvhA=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSK4KokIuiy6cVnBPqAJZTKZtEMnkzAzEUKov+LGhSJu/RB3/o2TNgttPTBwOOdc7p0TpJwp7Tjf1tr6xubWdm2nvru3f3BoHx33VJJJQrsk4YkcBFhRzgTtaqY5HaSS4jjgtB9Mb0u//0ilYol40HlK/RiPBYsYwdpII7tRoBD1kJeYEAq9dMJm9ZHddFrOHGiVuBVpQoXOyP7ywoRkMRWacKzU0HVS7RdYakY4ndW9TNEUkyke06GhAsdU+cX8+Bk6M0qIokSaJzSaq78nChwrlceBScZYT9SyV4r/ecNMR9d+wUSaaSrIYlGUcaQTVDaBQiYp0Tw3BBPJzK2ITLDERJu+yhLc5S+vkt5Fy3Va7v1ls31T1VGDEziFc3DhCtpwBx3oAoEcnuEV3qwn68V6tz4W0TWrmmnAH1ifPxKuk74=</latexit><latexit sha1_base64="BhBp55pLDVVh5+sTz/mOw36rvhA=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSK4KokIuiy6cVnBPqAJZTKZtEMnkzAzEUKov+LGhSJu/RB3/o2TNgttPTBwOOdc7p0TpJwp7Tjf1tr6xubWdm2nvru3f3BoHx33VJJJQrsk4YkcBFhRzgTtaqY5HaSS4jjgtB9Mb0u//0ilYol40HlK/RiPBYsYwdpII7tRoBD1kJeYEAq9dMJm9ZHddFrOHGiVuBVpQoXOyP7ywoRkMRWacKzU0HVS7RdYakY4ndW9TNEUkyke06GhAsdU+cX8+Bk6M0qIokSaJzSaq78nChwrlceBScZYT9SyV4r/ecNMR9d+wUSaaSrIYlGUcaQTVDaBQiYp0Tw3BBPJzK2ITLDERJu+yhLc5S+vkt5Fy3Va7v1ls31T1VGDEziFc3DhCtpwBx3oAoEcnuEV3qwn68V6tz4W0TWrmmnAH1ifPxKuk74=</latexit><latexit sha1_base64="BhBp55pLDVVh5+sTz/mOw36rvhA=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSK4KokIuiy6cVnBPqAJZTKZtEMnkzAzEUKov+LGhSJu/RB3/o2TNgttPTBwOOdc7p0TpJwp7Tjf1tr6xubWdm2nvru3f3BoHx33VJJJQrsk4YkcBFhRzgTtaqY5HaSS4jjgtB9Mb0u//0ilYol40HlK/RiPBYsYwdpII7tRoBD1kJeYEAq9dMJm9ZHddFrOHGiVuBVpQoXOyP7ywoRkMRWacKzU0HVS7RdYakY4ndW9TNEUkyke06GhAsdU+cX8+Bk6M0qIokSaJzSaq78nChwrlceBScZYT9SyV4r/ecNMR9d+wUSaaSrIYlGUcaQTVDaBQiYp0Tw3BBPJzK2ITLDERJu+yhLc5S+vkt5Fy3Va7v1ls31T1VGDEziFc3DhCtpwBx3oAoEcnuEV3qwn68V6tz4W0TWrmmnAH1ifPxKuk74=</latexit><latexit sha1_base64="BhBp55pLDVVh5+sTz/mOw36rvhA=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSK4KokIuiy6cVnBPqAJZTKZtEMnkzAzEUKov+LGhSJu/RB3/o2TNgttPTBwOOdc7p0TpJwp7Tjf1tr6xubWdm2nvru3f3BoHx33VJJJQrsk4YkcBFhRzgTtaqY5HaSS4jjgtB9Mb0u//0ilYol40HlK/RiPBYsYwdpII7tRoBD1kJeYEAq9dMJm9ZHddFrOHGiVuBVpQoXOyP7ywoRkMRWacKzU0HVS7RdYakY4ndW9TNEUkyke06GhAsdU+cX8+Bk6M0qIokSaJzSaq78nChwrlceBScZYT9SyV4r/ecNMR9d+wUSaaSrIYlGUcaQTVDaBQiYp0Tw3BBPJzK2ITLDERJu+yhLc5S+vkt5Fy3Va7v1ls31T1VGDEziFc3DhCtpwBx3oAoEcnuEV3qwn68V6tz4W0TWrmmnAH1ifPxKuk74=</latexit>

grande

grande

pequeno

platô largo

platô alto

platô de inclinação pequena

Condições gerais para inflação:
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Qual a temperatura do Universo no início da inflação?

Introduction to Cosmology (Ryden, 2017)

✏� ⇡ V0 ⇡ ↵T 4
<latexit sha1_base64="w+JPTsiDZmiMfKd3aqrGwvz2v6E=">AAACGHicbZDLSgMxFIYzXut4G3XpJlgEV3VGCrosunFZoTfo1OFMmrahmZmQZMQy9DHc+CpuXCjitjvfxrQdQVt/CHz5zzkk5w8FZ0q77pe1srq2vrFZ2LK3d3b39p2Dw4ZKUklonSQ8ka0QFOUspnXNNKctISlEIafNcHgzrTcfqFQsiWt6JGgngn7MeoyANlbgnPtUKMYNZr4YsDH2QQiZPOJG4GL75+IDFwPAtfty4BTdkjsTXgYvhyLKVQ2cid9NSBrRWBMOSrU9V+hOBlIzwunY9lNFBZAh9GnbYAwRVZ1sttgYnxqni3uJNCfWeOb+nsggUmoUhaYzAj1Qi7Wp+V+tnereVSdjsUg1jcn8oV7KsU7wNCXcZZISzUcGgEhm/orJACQQbbK0TQje4srL0LgoeW7JuysXK9d5HAV0jE7QGfLQJaqgW1RFdUTQE3pBb+jderZerQ/rc966YuUzR+iPrMk3ypGfjg==</latexit><latexit sha1_base64="w+JPTsiDZmiMfKd3aqrGwvz2v6E=">AAACGHicbZDLSgMxFIYzXut4G3XpJlgEV3VGCrosunFZoTfo1OFMmrahmZmQZMQy9DHc+CpuXCjitjvfxrQdQVt/CHz5zzkk5w8FZ0q77pe1srq2vrFZ2LK3d3b39p2Dw4ZKUklonSQ8ka0QFOUspnXNNKctISlEIafNcHgzrTcfqFQsiWt6JGgngn7MeoyANlbgnPtUKMYNZr4YsDH2QQiZPOJG4GL75+IDFwPAtfty4BTdkjsTXgYvhyLKVQ2cid9NSBrRWBMOSrU9V+hOBlIzwunY9lNFBZAh9GnbYAwRVZ1sttgYnxqni3uJNCfWeOb+nsggUmoUhaYzAj1Qi7Wp+V+tnereVSdjsUg1jcn8oV7KsU7wNCXcZZISzUcGgEhm/orJACQQbbK0TQje4srL0LgoeW7JuysXK9d5HAV0jE7QGfLQJaqgW1RFdUTQE3pBb+jderZerQ/rc966YuUzR+iPrMk3ypGfjg==</latexit><latexit sha1_base64="w+JPTsiDZmiMfKd3aqrGwvz2v6E=">AAACGHicbZDLSgMxFIYzXut4G3XpJlgEV3VGCrosunFZoTfo1OFMmrahmZmQZMQy9DHc+CpuXCjitjvfxrQdQVt/CHz5zzkk5w8FZ0q77pe1srq2vrFZ2LK3d3b39p2Dw4ZKUklonSQ8ka0QFOUspnXNNKctISlEIafNcHgzrTcfqFQsiWt6JGgngn7MeoyANlbgnPtUKMYNZr4YsDH2QQiZPOJG4GL75+IDFwPAtfty4BTdkjsTXgYvhyLKVQ2cid9NSBrRWBMOSrU9V+hOBlIzwunY9lNFBZAh9GnbYAwRVZ1sttgYnxqni3uJNCfWeOb+nsggUmoUhaYzAj1Qi7Wp+V+tnereVSdjsUg1jcn8oV7KsU7wNCXcZZISzUcGgEhm/orJACQQbbK0TQje4srL0LgoeW7JuysXK9d5HAV0jE7QGfLQJaqgW1RFdUTQE3pBb+jderZerQ/rc966YuUzR+iPrMk3ypGfjg==</latexit><latexit sha1_base64="w+JPTsiDZmiMfKd3aqrGwvz2v6E=">AAACGHicbZDLSgMxFIYzXut4G3XpJlgEV3VGCrosunFZoTfo1OFMmrahmZmQZMQy9DHc+CpuXCjitjvfxrQdQVt/CHz5zzkk5w8FZ0q77pe1srq2vrFZ2LK3d3b39p2Dw4ZKUklonSQ8ka0QFOUspnXNNKctISlEIafNcHgzrTcfqFQsiWt6JGgngn7MeoyANlbgnPtUKMYNZr4YsDH2QQiZPOJG4GL75+IDFwPAtfty4BTdkjsTXgYvhyLKVQ2cid9NSBrRWBMOSrU9V+hOBlIzwunY9lNFBZAh9GnbYAwRVZ1sttgYnxqni3uJNCfWeOb+nsggUmoUhaYzAj1Qi7Wp+V+tnereVSdjsUg1jcn8oV7KsU7wNCXcZZISzUcGgEhm/orJACQQbbK0TQje4srL0LgoeW7JuysXK9d5HAV0jE7QGfLQJaqgW1RFdUTQE3pBb+jderZerQ/rc966YuUzR+iPrMk3ypGfjg==</latexit>
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Na medida em que o inflaton “rola” lentamente na direção 
do estado de vácuo verdadeiro, produz uma expansão 
exponencial com o parâmetro de Hubble dado por:

Hi ⇡
✓
8⇡GV0

3c2

◆1/2

⇡ t�1
i

<latexit sha1_base64="yLVV93Ccv8ATT4SILrCeGeSzzbs="></latexit><latexit sha1_base64="yLVV93Ccv8ATT4SILrCeGeSzzbs="></latexit><latexit sha1_base64="yLVV93Ccv8ATT4SILrCeGeSzzbs="></latexit><latexit sha1_base64="yLVV93Ccv8ATT4SILrCeGeSzzbs="></latexit>

Expansão terminará quando: V (�) = V (�0)
<latexit sha1_base64="bAT/7o/ykHm5Jo9VSdAjH1RfV7E=">AAAB/XicbZDLSsNAFIZP6q3WW7zs3AwWod2URATdCEU3LivYC7QhTKbTduhkEmYmQg3FV3HjQhG3voc738ZJm4W2/jDw8Z9zOGf+IOZMacf5tgorq2vrG8XN0tb2zu6evX/QUlEiCW2SiEeyE2BFORO0qZnmtBNLisOA03Ywvsnq7QcqFYvEvZ7E1AvxULABI1gby7ePWpVePGJVdIXm5DvVkm+XnZozE1oGN4cy5Gr49levH5EkpEITjpXquk6svRRLzQin01IvUTTGZIyHtGtQ4JAqL51dP0WnxumjQSTNExrN3N8TKQ6VmoSB6QyxHqnFWmb+V+smenDppUzEiaaCzBcNEo50hLIoUJ9JSjSfGMBEMnMrIiMsMdEmsCwEd/HLy9A6q7lOzb07L9ev8ziKcAwnUAEXLqAOt9CAJhB4hGd4hTfryXqx3q2PeWvBymcO4Y+szx8ja5MR</latexit><latexit sha1_base64="bAT/7o/ykHm5Jo9VSdAjH1RfV7E=">AAAB/XicbZDLSsNAFIZP6q3WW7zs3AwWod2URATdCEU3LivYC7QhTKbTduhkEmYmQg3FV3HjQhG3voc738ZJm4W2/jDw8Z9zOGf+IOZMacf5tgorq2vrG8XN0tb2zu6evX/QUlEiCW2SiEeyE2BFORO0qZnmtBNLisOA03Ywvsnq7QcqFYvEvZ7E1AvxULABI1gby7ePWpVePGJVdIXm5DvVkm+XnZozE1oGN4cy5Gr49levH5EkpEITjpXquk6svRRLzQin01IvUTTGZIyHtGtQ4JAqL51dP0WnxumjQSTNExrN3N8TKQ6VmoSB6QyxHqnFWmb+V+smenDppUzEiaaCzBcNEo50hLIoUJ9JSjSfGMBEMnMrIiMsMdEmsCwEd/HLy9A6q7lOzb07L9ev8ziKcAwnUAEXLqAOt9CAJhB4hGd4hTfryXqx3q2PeWvBymcO4Y+szx8ja5MR</latexit><latexit sha1_base64="bAT/7o/ykHm5Jo9VSdAjH1RfV7E=">AAAB/XicbZDLSsNAFIZP6q3WW7zs3AwWod2URATdCEU3LivYC7QhTKbTduhkEmYmQg3FV3HjQhG3voc738ZJm4W2/jDw8Z9zOGf+IOZMacf5tgorq2vrG8XN0tb2zu6evX/QUlEiCW2SiEeyE2BFORO0qZnmtBNLisOA03Ywvsnq7QcqFYvEvZ7E1AvxULABI1gby7ePWpVePGJVdIXm5DvVkm+XnZozE1oGN4cy5Gr49levH5EkpEITjpXquk6svRRLzQin01IvUTTGZIyHtGtQ4JAqL51dP0WnxumjQSTNExrN3N8TKQ6VmoSB6QyxHqnFWmb+V+smenDppUzEiaaCzBcNEo50hLIoUJ9JSjSfGMBEMnMrIiMsMdEmsCwEd/HLy9A6q7lOzb07L9ev8ziKcAwnUAEXLqAOt9CAJhB4hGd4hTfryXqx3q2PeWvBymcO4Y+szx8ja5MR</latexit><latexit sha1_base64="bAT/7o/ykHm5Jo9VSdAjH1RfV7E=">AAAB/XicbZDLSsNAFIZP6q3WW7zs3AwWod2URATdCEU3LivYC7QhTKbTduhkEmYmQg3FV3HjQhG3voc738ZJm4W2/jDw8Z9zOGf+IOZMacf5tgorq2vrG8XN0tb2zu6evX/QUlEiCW2SiEeyE2BFORO0qZnmtBNLisOA03Ywvsnq7QcqFYvEvZ7E1AvxULABI1gby7ePWpVePGJVdIXm5DvVkm+XnZozE1oGN4cy5Gr49levH5EkpEITjpXquk6svRRLzQin01IvUTTGZIyHtGtQ4JAqL51dP0WnxumjQSTNExrN3N8TKQ6VmoSB6QyxHqnFWmb+V+smenDppUzEiaaCzBcNEo50hLIoUJ9JSjSfGMBEMnMrIiMsMdEmsCwEd/HLy9A6q7lOzb07L9ev8ziKcAwnUAEXLqAOt9CAJhB4hGd4hTfryXqx3q2PeWvBymcO4Y+szx8ja5MR</latexit>

A duração da expansão depende da forma da curva do 
potencial do inflaton.
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Número de “e-foldings” da inflação 
(para o potencial V da figura):

N ⇠ Hi
�0

�
⇠

✓
EP

V0

dV

d�

◆�1 ✓
�0

EP

◆

<latexit sha1_base64="H0/1TModhgDT98gCU02R+Bp5Cqg="></latexit><latexit sha1_base64="H0/1TModhgDT98gCU02R+Bp5Cqg="></latexit><latexit sha1_base64="H0/1TModhgDT98gCU02R+Bp5Cqg="></latexit><latexit sha1_base64="H0/1TModhgDT98gCU02R+Bp5Cqg="></latexit>

�0
<latexit sha1_base64="3e9sgZaDBH0NeORcPIpHaFQRaUQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaYmRVCyEd48aCIV7/Hm3/jbLIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdop7+7tHxxWjo5bJs00wyZLRao7ETUouMSm5VZgR2mkSSSwHY3vcr/9hNrwVD7aicIwoUPJY86odVK7p0a875f7lapf8+cgqyQoSBUKNPqVr94gZVmC0jJBjekGvrLhlGrLmcBZuZcZVJSN6RC7jkqaoAmn83Nn5NwpAxKn2pW0ZK7+npjSxJhJErnOhNqRWfZy8T+vm9n4JpxyqTKLki0WxZkgNiX572TANTIrJo5Qprm7lbAR1ZRZl1AeQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbp7wX7937WLSuecXMCfyB9/kDcASO9g==</latexit><latexit sha1_base64="3e9sgZaDBH0NeORcPIpHaFQRaUQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaYmRVCyEd48aCIV7/Hm3/jbLIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdop7+7tHxxWjo5bJs00wyZLRao7ETUouMSm5VZgR2mkSSSwHY3vcr/9hNrwVD7aicIwoUPJY86odVK7p0a875f7lapf8+cgqyQoSBUKNPqVr94gZVmC0jJBjekGvrLhlGrLmcBZuZcZVJSN6RC7jkqaoAmn83Nn5NwpAxKn2pW0ZK7+npjSxJhJErnOhNqRWfZy8T+vm9n4JpxyqTKLki0WxZkgNiX572TANTIrJo5Qprm7lbAR1ZRZl1AeQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbp7wX7937WLSuecXMCfyB9/kDcASO9g==</latexit><latexit sha1_base64="3e9sgZaDBH0NeORcPIpHaFQRaUQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaYmRVCyEd48aCIV7/Hm3/jbLIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdop7+7tHxxWjo5bJs00wyZLRao7ETUouMSm5VZgR2mkSSSwHY3vcr/9hNrwVD7aicIwoUPJY86odVK7p0a875f7lapf8+cgqyQoSBUKNPqVr94gZVmC0jJBjekGvrLhlGrLmcBZuZcZVJSN6RC7jkqaoAmn83Nn5NwpAxKn2pW0ZK7+npjSxJhJErnOhNqRWfZy8T+vm9n4JpxyqTKLki0WxZkgNiX572TANTIrJo5Qprm7lbAR1ZRZl1AeQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbp7wX7937WLSuecXMCfyB9/kDcASO9g==</latexit><latexit sha1_base64="3e9sgZaDBH0NeORcPIpHaFQRaUQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaYmRVCyEd48aCIV7/Hm3/jbLIHTSxoKKq66e6KlODG+v63t7a+sbm1Xdop7+7tHxxWjo5bJs00wyZLRao7ETUouMSm5VZgR2mkSSSwHY3vcr/9hNrwVD7aicIwoUPJY86odVK7p0a875f7lapf8+cgqyQoSBUKNPqVr94gZVmC0jJBjekGvrLhlGrLmcBZuZcZVJSN6RC7jkqaoAmn83Nn5NwpAxKn2pW0ZK7+npjSxJhJErnOhNqRWfZy8T+vm9n4JpxyqTKLki0WxZkgNiX572TANTIrJo5Qprm7lbAR1ZRZl1AeQrD88ippXdYCvxY8XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbp7wX7937WLSuecXMCfyB9/kDcASO9g==</latexit>

V0
<latexit sha1_base64="xtzEE0KJZRX/FMnjEy49HwvnzA4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2k3bp7ibsboQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEAturOt+O6WNza3tnfJuZW//4PCoenzSMVGiGbZZJCLdC6hBwRW2LbcCe7FGKgOB3WB6l/vdJ9SGR+rRzmL0JR0rHnJGbS51hm5lWK25dXcBsk68gtSgQGtY/RqMIpZIVJYJakzfc2Prp1RbzgTOK4PEYEzZlI6xn1FFJRo/Xdw6JxeZMiJhpLNSlizU3xMplcbMZJB1SmonZtXLxf+8fmLDGz/lKk4sKrZcFCaC2Ijkj5MR18ismGWEMs2zWwmbUE2ZzeLJQ/BWX14nnau659a9h+ta87aIowxncA6X4EEDmnAPLWgDgwk8wyu8OdJ5cd6dj2VrySlmTuEPnM8fC1WNkQ==</latexit><latexit sha1_base64="xtzEE0KJZRX/FMnjEy49HwvnzA4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2k3bp7ibsboQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEAturOt+O6WNza3tnfJuZW//4PCoenzSMVGiGbZZJCLdC6hBwRW2LbcCe7FGKgOB3WB6l/vdJ9SGR+rRzmL0JR0rHnJGbS51hm5lWK25dXcBsk68gtSgQGtY/RqMIpZIVJYJakzfc2Prp1RbzgTOK4PEYEzZlI6xn1FFJRo/Xdw6JxeZMiJhpLNSlizU3xMplcbMZJB1SmonZtXLxf+8fmLDGz/lKk4sKrZcFCaC2Ijkj5MR18ismGWEMs2zWwmbUE2ZzeLJQ/BWX14nnau659a9h+ta87aIowxncA6X4EEDmnAPLWgDgwk8wyu8OdJ5cd6dj2VrySlmTuEPnM8fC1WNkQ==</latexit><latexit sha1_base64="xtzEE0KJZRX/FMnjEy49HwvnzA4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2k3bp7ibsboQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEAturOt+O6WNza3tnfJuZW//4PCoenzSMVGiGbZZJCLdC6hBwRW2LbcCe7FGKgOB3WB6l/vdJ9SGR+rRzmL0JR0rHnJGbS51hm5lWK25dXcBsk68gtSgQGtY/RqMIpZIVJYJakzfc2Prp1RbzgTOK4PEYEzZlI6xn1FFJRo/Xdw6JxeZMiJhpLNSlizU3xMplcbMZJB1SmonZtXLxf+8fmLDGz/lKk4sKrZcFCaC2Ijkj5MR18ismGWEMs2zWwmbUE2ZzeLJQ/BWX14nnau659a9h+ta87aIowxncA6X4EEDmnAPLWgDgwk8wyu8OdJ5cd6dj2VrySlmTuEPnM8fC1WNkQ==</latexit><latexit sha1_base64="xtzEE0KJZRX/FMnjEy49HwvnzA4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0oWy2k3bp7ibsboQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEAturOt+O6WNza3tnfJuZW//4PCoenzSMVGiGbZZJCLdC6hBwRW2LbcCe7FGKgOB3WB6l/vdJ9SGR+rRzmL0JR0rHnJGbS51hm5lWK25dXcBsk68gtSgQGtY/RqMIpZIVJYJakzfc2Prp1RbzgTOK4PEYEzZlI6xn1FFJRo/Xdw6JxeZMiJhpLNSlizU3xMplcbMZJB1SmonZtXLxf+8fmLDGz/lKk4sKrZcFCaC2Ijkj5MR18ismGWEMs2zWwmbUE2ZzeLJQ/BWX14nnau659a9h+ta87aIowxncA6X4EEDmnAPLWgDgwk8wyu8OdJ5cd6dj2VrySlmTuEPnM8fC1WNkQ==</latexit>

dV

d�
<latexit sha1_base64="BhBp55pLDVVh5+sTz/mOw36rvhA=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSK4KokIuiy6cVnBPqAJZTKZtEMnkzAzEUKov+LGhSJu/RB3/o2TNgttPTBwOOdc7p0TpJwp7Tjf1tr6xubWdm2nvru3f3BoHx33VJJJQrsk4YkcBFhRzgTtaqY5HaSS4jjgtB9Mb0u//0ilYol40HlK/RiPBYsYwdpII7tRoBD1kJeYEAq9dMJm9ZHddFrOHGiVuBVpQoXOyP7ywoRkMRWacKzU0HVS7RdYakY4ndW9TNEUkyke06GhAsdU+cX8+Bk6M0qIokSaJzSaq78nChwrlceBScZYT9SyV4r/ecNMR9d+wUSaaSrIYlGUcaQTVDaBQiYp0Tw3BBPJzK2ITLDERJu+yhLc5S+vkt5Fy3Va7v1ls31T1VGDEziFc3DhCtpwBx3oAoEcnuEV3qwn68V6tz4W0TWrmmnAH1ifPxKuk74=</latexit><latexit sha1_base64="BhBp55pLDVVh5+sTz/mOw36rvhA=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSK4KokIuiy6cVnBPqAJZTKZtEMnkzAzEUKov+LGhSJu/RB3/o2TNgttPTBwOOdc7p0TpJwp7Tjf1tr6xubWdm2nvru3f3BoHx33VJJJQrsk4YkcBFhRzgTtaqY5HaSS4jjgtB9Mb0u//0ilYol40HlK/RiPBYsYwdpII7tRoBD1kJeYEAq9dMJm9ZHddFrOHGiVuBVpQoXOyP7ywoRkMRWacKzU0HVS7RdYakY4ndW9TNEUkyke06GhAsdU+cX8+Bk6M0qIokSaJzSaq78nChwrlceBScZYT9SyV4r/ecNMR9d+wUSaaSrIYlGUcaQTVDaBQiYp0Tw3BBPJzK2ITLDERJu+yhLc5S+vkt5Fy3Va7v1ls31T1VGDEziFc3DhCtpwBx3oAoEcnuEV3qwn68V6tz4W0TWrmmnAH1ifPxKuk74=</latexit><latexit sha1_base64="BhBp55pLDVVh5+sTz/mOw36rvhA=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSK4KokIuiy6cVnBPqAJZTKZtEMnkzAzEUKov+LGhSJu/RB3/o2TNgttPTBwOOdc7p0TpJwp7Tjf1tr6xubWdm2nvru3f3BoHx33VJJJQrsk4YkcBFhRzgTtaqY5HaSS4jjgtB9Mb0u//0ilYol40HlK/RiPBYsYwdpII7tRoBD1kJeYEAq9dMJm9ZHddFrOHGiVuBVpQoXOyP7ywoRkMRWacKzU0HVS7RdYakY4ndW9TNEUkyke06GhAsdU+cX8+Bk6M0qIokSaJzSaq78nChwrlceBScZYT9SyV4r/ecNMR9d+wUSaaSrIYlGUcaQTVDaBQiYp0Tw3BBPJzK2ITLDERJu+yhLc5S+vkt5Fy3Va7v1ls31T1VGDEziFc3DhCtpwBx3oAoEcnuEV3qwn68V6tz4W0TWrmmnAH1ifPxKuk74=</latexit><latexit sha1_base64="BhBp55pLDVVh5+sTz/mOw36rvhA=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSK4KokIuiy6cVnBPqAJZTKZtEMnkzAzEUKov+LGhSJu/RB3/o2TNgttPTBwOOdc7p0TpJwp7Tjf1tr6xubWdm2nvru3f3BoHx33VJJJQrsk4YkcBFhRzgTtaqY5HaSS4jjgtB9Mb0u//0ilYol40HlK/RiPBYsYwdpII7tRoBD1kJeYEAq9dMJm9ZHddFrOHGiVuBVpQoXOyP7ywoRkMRWacKzU0HVS7RdYakY4ndW9TNEUkyke06GhAsdU+cX8+Bk6M0qIokSaJzSaq78nChwrlceBScZYT9SyV4r/ecNMR9d+wUSaaSrIYlGUcaQTVDaBQiYp0Tw3BBPJzK2ITLDERJu+yhLc5S+vkt5Fy3Va7v1ls31T1VGDEziFc3DhCtpwBx3oAoEcnuEV3qwn68V6tz4W0TWrmmnAH1ifPxKuk74=</latexit>

grande

grande

pequeno
Maior número de 
“e-foldings” 



82

10.5 A Física da Inflação

O que ocorre após o inflaton “rolar” e atingir o 
vácuo verdadeiro?

Transição de fase
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10.5 A Física da Inflação

O que ocorre após o inflaton “rolar” e atingir o 
vácuo verdadeiro?

A amplitude das 
oscilações é 

amortecida pela 
fricção de Hubble.
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10.5 A Física da Inflação

O que ocorre após o inflaton “rolar” e atingir o 
vácuo verdadeiro?

Se o inflaton é acoplado a 
outros campos, as 
oscilações decaem 

rapidamente.

A energia do inflaton é levada 

por fótons ou outras partículas 

relativísticas.
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10.5 A Física da Inflação

O que ocorre após o inflaton “rolar” e atingir o 
vácuo verdadeiro?

Inflação
Queda de 

temperatura 
do Universo 

devido à 
expansão

Amortecimento das 
oscilações do 
inflaton, com 

energia ~ V0 levada 
pelos fótons 

Reaquecimento 
do UniversoTransição de fase

Calor latente da 
transição de fase
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10.5 A Física da Inflação

O que ocorre após o inflaton “rolar” e atingir o 
vácuo verdadeiro?

Inflação
Queda de 

temperatura 
do Universo 

devido à 
expansão

Amortecimento das 
oscilações do 
inflaton, com 

energia ~ V0 levada 
pelos fótons 

Reaquecimento 
do UniversoTransição de fase

Calor latente da 
transição de fase; 

temperatura dos fótons 
retoma o valor pré-

inflacionário:

a(tf )

a(ti)
= eN

<latexit sha1_base64="EWrvBpTcaE85PaBj4v0+DPtctFM=">AAACBXicbVBLSwMxGMzWV62vVY96CBahvZRdEfQiFL14kgr2Ae26ZNNsG5pNliQrlKUXL/4VLx4U8ep/8Oa/MdvuQVsHApOZ+Ui+CWJGlXacb6uwtLyyulZcL21sbm3v2Lt7LSUSiUkTCyZkJ0CKMMpJU1PNSCeWBEUBI+1gdJX57QciFRX8To9j4kVowGlIMdJG8u3DFFW0H1ZhT5gYzC60OoEXkNzflHy77NScKeAicXNSBjkavv3V6wucRIRrzJBSXdeJtZciqSlmZFLqJYrECI/QgHQN5SgiykunW0zgsVH6MBTSHK7hVP09kaJIqXEUmGSE9FDNe5n4n9dNdHjupZTHiSYczx4KEwa1gFklsE8lwZqNDUFYUvNXiIdIIqxNcVkJ7vzKi6R1UnOdmnt7Wq5f5nUUwQE4AhXggjNQB9egAZoAg0fwDF7Bm/VkvVjv1scsWrDymX3wB9bnD1SFloQ=</latexit><latexit sha1_base64="EWrvBpTcaE85PaBj4v0+DPtctFM=">AAACBXicbVBLSwMxGMzWV62vVY96CBahvZRdEfQiFL14kgr2Ae26ZNNsG5pNliQrlKUXL/4VLx4U8ep/8Oa/MdvuQVsHApOZ+Ui+CWJGlXacb6uwtLyyulZcL21sbm3v2Lt7LSUSiUkTCyZkJ0CKMMpJU1PNSCeWBEUBI+1gdJX57QciFRX8To9j4kVowGlIMdJG8u3DFFW0H1ZhT5gYzC60OoEXkNzflHy77NScKeAicXNSBjkavv3V6wucRIRrzJBSXdeJtZciqSlmZFLqJYrECI/QgHQN5SgiykunW0zgsVH6MBTSHK7hVP09kaJIqXEUmGSE9FDNe5n4n9dNdHjupZTHiSYczx4KEwa1gFklsE8lwZqNDUFYUvNXiIdIIqxNcVkJ7vzKi6R1UnOdmnt7Wq5f5nUUwQE4AhXggjNQB9egAZoAg0fwDF7Bm/VkvVjv1scsWrDymX3wB9bnD1SFloQ=</latexit><latexit sha1_base64="EWrvBpTcaE85PaBj4v0+DPtctFM=">AAACBXicbVBLSwMxGMzWV62vVY96CBahvZRdEfQiFL14kgr2Ae26ZNNsG5pNliQrlKUXL/4VLx4U8ep/8Oa/MdvuQVsHApOZ+Ui+CWJGlXacb6uwtLyyulZcL21sbm3v2Lt7LSUSiUkTCyZkJ0CKMMpJU1PNSCeWBEUBI+1gdJX57QciFRX8To9j4kVowGlIMdJG8u3DFFW0H1ZhT5gYzC60OoEXkNzflHy77NScKeAicXNSBjkavv3V6wucRIRrzJBSXdeJtZciqSlmZFLqJYrECI/QgHQN5SgiykunW0zgsVH6MBTSHK7hVP09kaJIqXEUmGSE9FDNe5n4n9dNdHjupZTHiSYczx4KEwa1gFklsE8lwZqNDUFYUvNXiIdIIqxNcVkJ7vzKi6R1UnOdmnt7Wq5f5nUUwQE4AhXggjNQB9egAZoAg0fwDF7Bm/VkvVjv1scsWrDymX3wB9bnD1SFloQ=</latexit><latexit sha1_base64="EWrvBpTcaE85PaBj4v0+DPtctFM=">AAACBXicbVBLSwMxGMzWV62vVY96CBahvZRdEfQiFL14kgr2Ae26ZNNsG5pNliQrlKUXL/4VLx4U8ep/8Oa/MdvuQVsHApOZ+Ui+CWJGlXacb6uwtLyyulZcL21sbm3v2Lt7LSUSiUkTCyZkJ0CKMMpJU1PNSCeWBEUBI+1gdJX57QciFRX8To9j4kVowGlIMdJG8u3DFFW0H1ZhT5gYzC60OoEXkNzflHy77NScKeAicXNSBjkavv3V6wucRIRrzJBSXdeJtZciqSlmZFLqJYrECI/QgHQN5SgiykunW0zgsVH6MBTSHK7hVP09kaJIqXEUmGSE9FDNe5n4n9dNdHjupZTHiSYczx4KEwa1gFklsE8lwZqNDUFYUvNXiIdIIqxNcVkJ7vzKi6R1UnOdmnt7Wq5f5nUUwQE4AhXggjNQB9egAZoAg0fwDF7Bm/VkvVjv1scsWrDymX3wB9bnD1SFloQ=</latexit>

T (tf )

T (ti)
= e�N

<latexit sha1_base64="T9ahcHGiknlQoZInwRBhH/AmfPs=">AAACCHicbVDNS8MwHE3n15xfVY8eDA5hOzhaEfQiDL14kgn7gq2WNEu3sDQtSSqM0qMX/xUvHhTx6p/gzf/GdOtBNx8EXt57P5Lf8yJGpbKsb6OwtLyyulZcL21sbm3vmLt7bRnGApMWDlkouh6ShFFOWooqRrqRICjwGOl44+vM7zwQIWnIm2oSESdAQ059ipHSkmseJs2Kcv0q7Ic6BrMLrabwEpL75OQ2Lblm2apZU8BFYuekDHI0XPOrPwhxHBCuMENS9mwrUk6ChKKYkbTUjyWJEB6jIelpylFApJNMF0nhsVYG0A+FPlzBqfp7IkGBlJPA08kAqZGc9zLxP68XK//CSSiPYkU4nj3kxwyqEGatwAEVBCs20QRhQfVfIR4hgbDS3WUl2PMrL5L2ac22avbdWbl+lddRBAfgCFSADc5BHdyABmgBDB7BM3gFb8aT8WK8Gx+zaMHIZ/bBHxifP3Mwl60=</latexit><latexit sha1_base64="T9ahcHGiknlQoZInwRBhH/AmfPs=">AAACCHicbVDNS8MwHE3n15xfVY8eDA5hOzhaEfQiDL14kgn7gq2WNEu3sDQtSSqM0qMX/xUvHhTx6p/gzf/GdOtBNx8EXt57P5Lf8yJGpbKsb6OwtLyyulZcL21sbm3vmLt7bRnGApMWDlkouh6ShFFOWooqRrqRICjwGOl44+vM7zwQIWnIm2oSESdAQ059ipHSkmseJs2Kcv0q7Ic6BrMLrabwEpL75OQ2Lblm2apZU8BFYuekDHI0XPOrPwhxHBCuMENS9mwrUk6ChKKYkbTUjyWJEB6jIelpylFApJNMF0nhsVYG0A+FPlzBqfp7IkGBlJPA08kAqZGc9zLxP68XK//CSSiPYkU4nj3kxwyqEGatwAEVBCs20QRhQfVfIR4hgbDS3WUl2PMrL5L2ac22avbdWbl+lddRBAfgCFSADc5BHdyABmgBDB7BM3gFb8aT8WK8Gx+zaMHIZ/bBHxifP3Mwl60=</latexit><latexit sha1_base64="T9ahcHGiknlQoZInwRBhH/AmfPs=">AAACCHicbVDNS8MwHE3n15xfVY8eDA5hOzhaEfQiDL14kgn7gq2WNEu3sDQtSSqM0qMX/xUvHhTx6p/gzf/GdOtBNx8EXt57P5Lf8yJGpbKsb6OwtLyyulZcL21sbm3vmLt7bRnGApMWDlkouh6ShFFOWooqRrqRICjwGOl44+vM7zwQIWnIm2oSESdAQ059ipHSkmseJs2Kcv0q7Ic6BrMLrabwEpL75OQ2Lblm2apZU8BFYuekDHI0XPOrPwhxHBCuMENS9mwrUk6ChKKYkbTUjyWJEB6jIelpylFApJNMF0nhsVYG0A+FPlzBqfp7IkGBlJPA08kAqZGc9zLxP68XK//CSSiPYkU4nj3kxwyqEGatwAEVBCs20QRhQfVfIR4hgbDS3WUl2PMrL5L2ac22avbdWbl+lddRBAfgCFSADc5BHdyABmgBDB7BM3gFb8aT8WK8Gx+zaMHIZ/bBHxifP3Mwl60=</latexit><latexit sha1_base64="T9ahcHGiknlQoZInwRBhH/AmfPs=">AAACCHicbVDNS8MwHE3n15xfVY8eDA5hOzhaEfQiDL14kgn7gq2WNEu3sDQtSSqM0qMX/xUvHhTx6p/gzf/GdOtBNx8EXt57P5Lf8yJGpbKsb6OwtLyyulZcL21sbm3vmLt7bRnGApMWDlkouh6ShFFOWooqRrqRICjwGOl44+vM7zwQIWnIm2oSESdAQ059ipHSkmseJs2Kcv0q7Ic6BrMLrabwEpL75OQ2Lblm2apZU8BFYuekDHI0XPOrPwhxHBCuMENS9mwrUk6ChKKYkbTUjyWJEB6jIelpylFApJNMF0nhsVYG0A+FPlzBqfp7IkGBlJPA08kAqZGc9zLxP68XK//CSSiPYkU4nj3kxwyqEGatwAEVBCs20QRhQfVfIR4hgbDS3WUl2PMrL5L2ac22avbdWbl+lddRBAfgCFSADc5BHdyABmgBDB7BM3gFb8aT8WK8Gx+zaMHIZ/bBHxifP3Mwl60=</latexit>

T (ti) ⇠ TGUT ⇠ 1028 K 7! T (tf ) ⇠ e�65TGUT ⇠ 0.6 K
<latexit sha1_base64="LNvu5c8iftZ5MPUdFeLq+R+Wm6s="></latexit><latexit sha1_base64="LNvu5c8iftZ5MPUdFeLq+R+Wm6s="></latexit><latexit sha1_base64="LNvu5c8iftZ5MPUdFeLq+R+Wm6s="></latexit><latexit sha1_base64="LNvu5c8iftZ5MPUdFeLq+R+Wm6s="></latexit>

T (ti)
<latexit sha1_base64="lZfk0sGRiULjmpWk1IEI4KIY8Fw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxW6Be0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLG5tb2TnG3tLd/cHhUPj5pmzjVjLdYLGPdDajhUijeQoGSdxPNaRRI3gkm93O/88S1EbFq4jThfkRHSoSCUbRSp1nFgbgkg3LFrbkLkHXi5aQCORqD8ld/GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxbnzsiFVYYkjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10sxvPUzoZIUuWLLRWEqCcZk/jsZCs0ZyqkllGlhbyVsTDVlaBMq2RC81ZfXSfuq5rk17/G6Ur/L4yjCGZxDFTy4gTo8QANawGACz/AKb07ivDjvzseyteDkM6fwB87nDx43jsE=</latexit><latexit sha1_base64="lZfk0sGRiULjmpWk1IEI4KIY8Fw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxW6Be0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLG5tb2TnG3tLd/cHhUPj5pmzjVjLdYLGPdDajhUijeQoGSdxPNaRRI3gkm93O/88S1EbFq4jThfkRHSoSCUbRSp1nFgbgkg3LFrbkLkHXi5aQCORqD8ld/GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxbnzsiFVYYkjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10sxvPUzoZIUuWLLRWEqCcZk/jsZCs0ZyqkllGlhbyVsTDVlaBMq2RC81ZfXSfuq5rk17/G6Ur/L4yjCGZxDFTy4gTo8QANawGACz/AKb07ivDjvzseyteDkM6fwB87nDx43jsE=</latexit><latexit sha1_base64="lZfk0sGRiULjmpWk1IEI4KIY8Fw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxW6Be0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLG5tb2TnG3tLd/cHhUPj5pmzjVjLdYLGPdDajhUijeQoGSdxPNaRRI3gkm93O/88S1EbFq4jThfkRHSoSCUbRSp1nFgbgkg3LFrbkLkHXi5aQCORqD8ld/GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxbnzsiFVYYkjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10sxvPUzoZIUuWLLRWEqCcZk/jsZCs0ZyqkllGlhbyVsTDVlaBMq2RC81ZfXSfuq5rk17/G6Ur/L4yjCGZxDFTy4gTo8QANawGACz/AKb07ivDjvzseyteDkM6fwB87nDx43jsE=</latexit><latexit sha1_base64="lZfk0sGRiULjmpWk1IEI4KIY8Fw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxW6Be0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLG5tb2TnG3tLd/cHhUPj5pmzjVjLdYLGPdDajhUijeQoGSdxPNaRRI3gkm93O/88S1EbFq4jThfkRHSoSCUbRSp1nFgbgkg3LFrbkLkHXi5aQCORqD8ld/GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxbnzsiFVYYkjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10sxvPUzoZIUuWLLRWEqCcZk/jsZCs0ZyqkllGlhbyVsTDVlaBMq2RC81ZfXSfuq5rk17/G6Ur/L4yjCGZxDFTy4gTo8QANawGACz/AKb07ivDjvzseyteDkM6fwB87nDx43jsE=</latexit>

T (ti) ⇠ TGUT ⇠ 1028 K 7! T (tf ) ⇠ e�65TGUT ⇠ 0.6 K
<latexit sha1_base64="LNvu5c8iftZ5MPUdFeLq+R+Wm6s="></latexit><latexit sha1_base64="LNvu5c8iftZ5MPUdFeLq+R+Wm6s="></latexit><latexit sha1_base64="LNvu5c8iftZ5MPUdFeLq+R+Wm6s="></latexit><latexit sha1_base64="LNvu5c8iftZ5MPUdFeLq+R+Wm6s="></latexit>
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10.5 A Física da Inflação

Inflação explica vários problemas, porém restam 
também outras questões.

Por ex., expansão exponencial também aplana a curvatura local, 
resultante de flutuações na densidade de energia.

�✏

✏̄
⇠ e�65 ⇠ 10�28

<latexit sha1_base64="Dp7S9bduQHIDAdPh2av/U0DntI0=">AAACKnicbVDLSgMxFM34rPVVdekmWAQ3lpnio8uqG5cV7AM6tWTS2zY0kwxJRijDfI8bf8VNF0px64eYPgRtPRA495x7ubkniDjTxnXHzsrq2vrGZmYru72zu7efOzisaRkrClUquVSNgGjgTEDVMMOhESkgYcChHgzuJn79GZRmUjyaYQStkPQE6zJKjJXauZvE7wA3BPsQacalwL60/dgPiEp+tDTN+pqFGJ6S86vLFE8Lz7VVsZS2c3m34E6Bl4k3J3k0R6WdG/kdSeMQhKGcaN303Mi0EqIMoxzsqlhDROiA9KBpqSAh6FYyPTXFp1bp4K5U9gmDp+rviYSEWg/DwHaGxPT1ojcR//OasemWWgkTUWxA0NmibsyxkXiSG+4wBdTwoSWEKmb/immfKEKNTTdrQ/AWT14mtWLBcwvew0W+fDuPI4OO0Qk6Qx66RmV0jyqoiih6QW/oHX04r87IGTufs9YVZz5zhP7A+foGed2mlQ==</latexit><latexit sha1_base64="Dp7S9bduQHIDAdPh2av/U0DntI0=">AAACKnicbVDLSgMxFM34rPVVdekmWAQ3lpnio8uqG5cV7AM6tWTS2zY0kwxJRijDfI8bf8VNF0px64eYPgRtPRA495x7ubkniDjTxnXHzsrq2vrGZmYru72zu7efOzisaRkrClUquVSNgGjgTEDVMMOhESkgYcChHgzuJn79GZRmUjyaYQStkPQE6zJKjJXauZvE7wA3BPsQacalwL60/dgPiEp+tDTN+pqFGJ6S86vLFE8Lz7VVsZS2c3m34E6Bl4k3J3k0R6WdG/kdSeMQhKGcaN303Mi0EqIMoxzsqlhDROiA9KBpqSAh6FYyPTXFp1bp4K5U9gmDp+rviYSEWg/DwHaGxPT1ojcR//OasemWWgkTUWxA0NmibsyxkXiSG+4wBdTwoSWEKmb/immfKEKNTTdrQ/AWT14mtWLBcwvew0W+fDuPI4OO0Qk6Qx66RmV0jyqoiih6QW/oHX04r87IGTufs9YVZz5zhP7A+foGed2mlQ==</latexit><latexit sha1_base64="Dp7S9bduQHIDAdPh2av/U0DntI0=">AAACKnicbVDLSgMxFM34rPVVdekmWAQ3lpnio8uqG5cV7AM6tWTS2zY0kwxJRijDfI8bf8VNF0px64eYPgRtPRA495x7ubkniDjTxnXHzsrq2vrGZmYru72zu7efOzisaRkrClUquVSNgGjgTEDVMMOhESkgYcChHgzuJn79GZRmUjyaYQStkPQE6zJKjJXauZvE7wA3BPsQacalwL60/dgPiEp+tDTN+pqFGJ6S86vLFE8Lz7VVsZS2c3m34E6Bl4k3J3k0R6WdG/kdSeMQhKGcaN303Mi0EqIMoxzsqlhDROiA9KBpqSAh6FYyPTXFp1bp4K5U9gmDp+rviYSEWg/DwHaGxPT1ojcR//OasemWWgkTUWxA0NmibsyxkXiSG+4wBdTwoSWEKmb/immfKEKNTTdrQ/AWT14mtWLBcwvew0W+fDuPI4OO0Qk6Qx66RmV0jyqoiih6QW/oHX04r87IGTufs9YVZz5zhP7A+foGed2mlQ==</latexit><latexit sha1_base64="Dp7S9bduQHIDAdPh2av/U0DntI0=">AAACKnicbVDLSgMxFM34rPVVdekmWAQ3lpnio8uqG5cV7AM6tWTS2zY0kwxJRijDfI8bf8VNF0px64eYPgRtPRA495x7ubkniDjTxnXHzsrq2vrGZmYru72zu7efOzisaRkrClUquVSNgGjgTEDVMMOhESkgYcChHgzuJn79GZRmUjyaYQStkPQE6zJKjJXauZvE7wA3BPsQacalwL60/dgPiEp+tDTN+pqFGJ6S86vLFE8Lz7VVsZS2c3m34E6Bl4k3J3k0R6WdG/kdSeMQhKGcaN303Mi0EqIMoxzsqlhDROiA9KBpqSAh6FYyPTXFp1bp4K5U9gmDp+rviYSEWg/DwHaGxPT1ojcR//OasemWWgkTUWxA0NmibsyxkXiSG+4wBdTwoSWEKmb/immfKEKNTTdrQ/AWT14mtWLBcwvew0W+fDuPI4OO0Qk6Qx66RmV0jyqoiih6QW/oHX04r87IGTufs9YVZz5zhP7A+foGed2mlQ==</latexit>

�✏

✏̄
⇠ 1

<latexit sha1_base64="SmkdBGnrli8/pUgOgZ9yUDeWWUs=">AAACFnicbVDNSgMxGMzWv1r/Vj16CRbBi2VXBD0WvXisYFuhu5Rs9msbmk2WJCuUpU/hxVfx4kERr+LNtzFtV9DWgcAwM1+Sb6KUM20878spLS2vrK6V1ysbm1vbO+7uXkvLTFFoUsmluouIBs4ENA0zHO5SBSSJOLSj4dXEb9+D0kyKWzNKIUxIX7Aeo8RYqeue5EEM3BAcQKoZlwIH0uZxEBGV/2jjcSXQLMF+1616NW8KvEj8glRRgUbX/QxiSbMEhKGcaN3xvdSEOVGGUQ722kxDSuiQ9KFjqSAJ6DCfrjXGR1aJcU8qe4TBU/X3RE4SrUdJZJMJMQM9703E/7xOZnoXYc5EmhkQdPZQL+PYSDzpCMdMATV8ZAmhitm/YjogilBjm6zYEvz5lRdJ67TmezX/5qxavyzqKKMDdIiOkY/OUR1dowZqIooe0BN6Qa/Oo/PsvDnvs2jJKWb20R84H99fmZ94</latexit><latexit sha1_base64="SmkdBGnrli8/pUgOgZ9yUDeWWUs=">AAACFnicbVDNSgMxGMzWv1r/Vj16CRbBi2VXBD0WvXisYFuhu5Rs9msbmk2WJCuUpU/hxVfx4kERr+LNtzFtV9DWgcAwM1+Sb6KUM20878spLS2vrK6V1ysbm1vbO+7uXkvLTFFoUsmluouIBs4ENA0zHO5SBSSJOLSj4dXEb9+D0kyKWzNKIUxIX7Aeo8RYqeue5EEM3BAcQKoZlwIH0uZxEBGV/2jjcSXQLMF+1616NW8KvEj8glRRgUbX/QxiSbMEhKGcaN3xvdSEOVGGUQ722kxDSuiQ9KFjqSAJ6DCfrjXGR1aJcU8qe4TBU/X3RE4SrUdJZJMJMQM9703E/7xOZnoXYc5EmhkQdPZQL+PYSDzpCMdMATV8ZAmhitm/YjogilBjm6zYEvz5lRdJ67TmezX/5qxavyzqKKMDdIiOkY/OUR1dowZqIooe0BN6Qa/Oo/PsvDnvs2jJKWb20R84H99fmZ94</latexit><latexit sha1_base64="SmkdBGnrli8/pUgOgZ9yUDeWWUs=">AAACFnicbVDNSgMxGMzWv1r/Vj16CRbBi2VXBD0WvXisYFuhu5Rs9msbmk2WJCuUpU/hxVfx4kERr+LNtzFtV9DWgcAwM1+Sb6KUM20878spLS2vrK6V1ysbm1vbO+7uXkvLTFFoUsmluouIBs4ENA0zHO5SBSSJOLSj4dXEb9+D0kyKWzNKIUxIX7Aeo8RYqeue5EEM3BAcQKoZlwIH0uZxEBGV/2jjcSXQLMF+1616NW8KvEj8glRRgUbX/QxiSbMEhKGcaN3xvdSEOVGGUQ722kxDSuiQ9KFjqSAJ6DCfrjXGR1aJcU8qe4TBU/X3RE4SrUdJZJMJMQM9703E/7xOZnoXYc5EmhkQdPZQL+PYSDzpCMdMATV8ZAmhitm/YjogilBjm6zYEvz5lRdJ67TmezX/5qxavyzqKKMDdIiOkY/OUR1dowZqIooe0BN6Qa/Oo/PsvDnvs2jJKWb20R84H99fmZ94</latexit><latexit sha1_base64="SmkdBGnrli8/pUgOgZ9yUDeWWUs=">AAACFnicbVDNSgMxGMzWv1r/Vj16CRbBi2VXBD0WvXisYFuhu5Rs9msbmk2WJCuUpU/hxVfx4kERr+LNtzFtV9DWgcAwM1+Sb6KUM20878spLS2vrK6V1ysbm1vbO+7uXkvLTFFoUsmluouIBs4ENA0zHO5SBSSJOLSj4dXEb9+D0kyKWzNKIUxIX7Aeo8RYqeue5EEM3BAcQKoZlwIH0uZxEBGV/2jjcSXQLMF+1616NW8KvEj8glRRgUbX/QxiSbMEhKGcaN3xvdSEOVGGUQ722kxDSuiQ9KFjqSAJ6DCfrjXGR1aJcU8qe4TBU/X3RE4SrUdJZJMJMQM9703E/7xOZnoXYc5EmhkQdPZQL+PYSDzpCMdMATV8ZAmhitm/YjogilBjm6zYEvz5lRdJ67TmezX/5qxavyzqKKMDdIiOkY/OUR1dowZqIooe0BN6Qa/Oo/PsvDnvs2jJKWb20R84H99fmZ94</latexit>

Antes da inflação: Após a inflação:

Mesmo considerando o crescimento em 
amplitude das flutuações antes de tLS , o 
CMBR seria muito mais suave do que o 
observado...
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10.5 A Física da Inflação

Problemas:

• O que é o campo de inflaton? (Seria o campo de Higgs?)

• Relação com a energia escura?

• “Fine-tuning” das condições iniciais (potencial V)? 

• Há vários modelos de inflação, como descriminá-los? Eg., 
“caótico” (Linde), “eterno” (Steinhardt, Vilenkin; 
multiverso); “no boundary” (Hartle & Hawking), “híbrido”, 
etc...

• Há vários modelos “alternativos” (não totalmente), eg., 
advindos de cosmologia quântica (“bouncing”, “cíclicos”, 
etc)... como discriminá-los?
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• Sugestão de referências adicionais:

Synergistic tests of inflation
https://arxiv.org/pdf/1612.05138.pdf

Initial Conditions for Inflation - A Short Review
https://arxiv.org/pdf/1601.01918.pdf

Inflation after Planck and BICEP2
https://arxiv.org/pdf/1506.07433.pdf

AN INTRODUCTION TO COSMOLOGICAL INFLATION
https://arxiv.org/pdf/astro-ph/9901124.pdf
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