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Referenciais inerciais
Referenciais inerciais: uma partícula não 
sujeita a forças permanece em repouso ou 
movimento retilíneo uniforme (ou seja vale a 
lei da inércia). 
Relação entre as coordenadas nos dois 
referenciais S e S’: (x,y,z,t) ⟷ (x’,y’,z’,t’) 
Na Mecânica é impossível detectar um 
movimento retilíneo uniforme em um sistema 
isolado (por exemplo, dentro de um avião em 
velocidade constante e com as janelas 
fechadas). 
As leis da Física são as mesmas em 
diferentes referenciais inerciais (princípio de 
relatividade). 
Na Mecânica (newtoniana): 

O’ se move com velocidade V em relação a O 
(O e O’ coincidem em t  = t’ = 0 [s]).

(m = m0)
<latexit sha1_base64="HcJRjY8SjW49aBeY6tM4svSC5w8=">AAACBHicbVA9SwNBEN2L3/Hr1DLNYhBiE+5E0EYI2lgqmETIxbC3mUuW7N4du3NCOFLY+FdsLBSx9UfY+W/cfBQafTDweG+GmXlhKoVBz/tyCguLS8srq2vF9Y3NrW13Z7dhkkxzqPNEJvo2ZAakiKGOAiXcphqYCiU0w8HF2G/egzYiiW9wmEJbsV4sIsEZWqnjlgIJEVYUPaPqLg9SLRSMAi16fTzsuGWv6k1A/xJ/RspkhquO+xl0E54piJFLZkzL91Js50yj4BJGxSAzkDI+YD1oWRozBaadT54Y0QOrdGmUaFsx0on6cyJnypihCm2nYtg3895Y/M9rZRidtnMRpxlCzKeLokxSTOg4EdoVGjjKoSWMa2FvpbzPNONocyvaEPz5l/+SxlHV96r+9XG5dj6LY5WUyD6pEJ+ckBq5JFekTjh5IE/khbw6j86z8+a8T1sLzmxmj/yC8/ENBjOXsQ==</latexit><latexit sha1_base64="HcJRjY8SjW49aBeY6tM4svSC5w8=">AAACBHicbVA9SwNBEN2L3/Hr1DLNYhBiE+5E0EYI2lgqmETIxbC3mUuW7N4du3NCOFLY+FdsLBSx9UfY+W/cfBQafTDweG+GmXlhKoVBz/tyCguLS8srq2vF9Y3NrW13Z7dhkkxzqPNEJvo2ZAakiKGOAiXcphqYCiU0w8HF2G/egzYiiW9wmEJbsV4sIsEZWqnjlgIJEVYUPaPqLg9SLRSMAi16fTzsuGWv6k1A/xJ/RspkhquO+xl0E54piJFLZkzL91Js50yj4BJGxSAzkDI+YD1oWRozBaadT54Y0QOrdGmUaFsx0on6cyJnypihCm2nYtg3895Y/M9rZRidtnMRpxlCzKeLokxSTOg4EdoVGjjKoSWMa2FvpbzPNONocyvaEPz5l/+SxlHV96r+9XG5dj6LY5WUyD6pEJ+ckBq5JFekTjh5IE/khbw6j86z8+a8T1sLzmxmj/yC8/ENBjOXsQ==</latexit><latexit sha1_base64="HcJRjY8SjW49aBeY6tM4svSC5w8=">AAACBHicbVA9SwNBEN2L3/Hr1DLNYhBiE+5E0EYI2lgqmETIxbC3mUuW7N4du3NCOFLY+FdsLBSx9UfY+W/cfBQafTDweG+GmXlhKoVBz/tyCguLS8srq2vF9Y3NrW13Z7dhkkxzqPNEJvo2ZAakiKGOAiXcphqYCiU0w8HF2G/egzYiiW9wmEJbsV4sIsEZWqnjlgIJEVYUPaPqLg9SLRSMAi16fTzsuGWv6k1A/xJ/RspkhquO+xl0E54piJFLZkzL91Js50yj4BJGxSAzkDI+YD1oWRozBaadT54Y0QOrdGmUaFsx0on6cyJnypihCm2nYtg3895Y/M9rZRidtnMRpxlCzKeLokxSTOg4EdoVGjjKoSWMa2FvpbzPNONocyvaEPz5l/+SxlHV96r+9XG5dj6LY5WUyD6pEJ+ckBq5JFekTjh5IE/khbw6j86z8+a8T1sLzmxmj/yC8/ENBjOXsQ==</latexit><latexit sha1_base64="HcJRjY8SjW49aBeY6tM4svSC5w8=">AAACBHicbVA9SwNBEN2L3/Hr1DLNYhBiE+5E0EYI2lgqmETIxbC3mUuW7N4du3NCOFLY+FdsLBSx9UfY+W/cfBQafTDweG+GmXlhKoVBz/tyCguLS8srq2vF9Y3NrW13Z7dhkkxzqPNEJvo2ZAakiKGOAiXcphqYCiU0w8HF2G/egzYiiW9wmEJbsV4sIsEZWqnjlgIJEVYUPaPqLg9SLRSMAi16fTzsuGWv6k1A/xJ/RspkhquO+xl0E54piJFLZkzL91Js50yj4BJGxSAzkDI+YD1oWRozBaadT54Y0QOrdGmUaFsx0on6cyJnypihCm2nYtg3895Y/M9rZRidtnMRpxlCzKeLokxSTOg4EdoVGjjKoSWMa2FvpbzPNONocyvaEPz5l/+SxlHV96r+9XG5dj6LY5WUyD6pEJ+ckBq5JFekTjh5IE/khbw6j86z8+a8T1sLzmxmj/yC8/ENBjOXsQ==</latexit>

F = ma ) F0 = m0a0
<latexit sha1_base64="giYkkslPweToRGupD7M+9QgLl7c=">AAACU3icbVFNSwMxEM2u3/Wr6tFLsAieyq4IehGKgnhUsSp0a8mms2002V2SWbUs+x9F8OAf8eJB07V+OxB48948JnkJUykMet6T446NT0xOTc9UZufmFxarS8tnJsk0hyZPZKIvQmZAihiaKFDCRaqBqVDCeXi9P9TPb0AbkcSnOEihrVgvFpHgDC3VqV4FCHeoVX5Q0F2qyi6M8g+WFQUNTkSvj0zr5JZ+TV/mQaqFgtL22fzj/9Q61ZpX98qif4E/AjUyqqNO9SHoJjxTECOXzJiW76XYzplGwSUUlSAzkDJ+zXrQsjBmCkw7LzMp6LplujRKtD0x0pL97siZMmagQjupGPbNb21I/qe1Mox22rmI0wwh5u+LokxSTOgwYNoVGjjKgQWMa2HvSnmfacbRfkPFhuD/fvJfcLZZ9726f7xVa+yN4pgmq2SNbBCfbJMGOSRHpEk4uSfP5NUhzqPz4rru+Puo64w8K+RHufNvXWG3yQ==</latexit><latexit sha1_base64="giYkkslPweToRGupD7M+9QgLl7c=">AAACU3icbVFNSwMxEM2u3/Wr6tFLsAieyq4IehGKgnhUsSp0a8mms2002V2SWbUs+x9F8OAf8eJB07V+OxB48948JnkJUykMet6T446NT0xOTc9UZufmFxarS8tnJsk0hyZPZKIvQmZAihiaKFDCRaqBqVDCeXi9P9TPb0AbkcSnOEihrVgvFpHgDC3VqV4FCHeoVX5Q0F2qyi6M8g+WFQUNTkSvj0zr5JZ+TV/mQaqFgtL22fzj/9Q61ZpX98qif4E/AjUyqqNO9SHoJjxTECOXzJiW76XYzplGwSUUlSAzkDJ+zXrQsjBmCkw7LzMp6LplujRKtD0x0pL97siZMmagQjupGPbNb21I/qe1Mox22rmI0wwh5u+LokxSTOgwYNoVGjjKgQWMa2HvSnmfacbRfkPFhuD/fvJfcLZZ9726f7xVa+yN4pgmq2SNbBCfbJMGOSRHpEk4uSfP5NUhzqPz4rru+Puo64w8K+RHufNvXWG3yQ==</latexit><latexit sha1_base64="giYkkslPweToRGupD7M+9QgLl7c=">AAACU3icbVFNSwMxEM2u3/Wr6tFLsAieyq4IehGKgnhUsSp0a8mms2002V2SWbUs+x9F8OAf8eJB07V+OxB48948JnkJUykMet6T446NT0xOTc9UZufmFxarS8tnJsk0hyZPZKIvQmZAihiaKFDCRaqBqVDCeXi9P9TPb0AbkcSnOEihrVgvFpHgDC3VqV4FCHeoVX5Q0F2qyi6M8g+WFQUNTkSvj0zr5JZ+TV/mQaqFgtL22fzj/9Q61ZpX98qif4E/AjUyqqNO9SHoJjxTECOXzJiW76XYzplGwSUUlSAzkDJ+zXrQsjBmCkw7LzMp6LplujRKtD0x0pL97siZMmagQjupGPbNb21I/qe1Mox22rmI0wwh5u+LokxSTOgwYNoVGjjKgQWMa2HvSnmfacbRfkPFhuD/fvJfcLZZ9726f7xVa+yN4pgmq2SNbBCfbJMGOSRHpEk4uSfP5NUhzqPz4rru+Puo64w8K+RHufNvXWG3yQ==</latexit><latexit sha1_base64="giYkkslPweToRGupD7M+9QgLl7c=">AAACU3icbVFNSwMxEM2u3/Wr6tFLsAieyq4IehGKgnhUsSp0a8mms2002V2SWbUs+x9F8OAf8eJB07V+OxB48948JnkJUykMet6T446NT0xOTc9UZufmFxarS8tnJsk0hyZPZKIvQmZAihiaKFDCRaqBqVDCeXi9P9TPb0AbkcSnOEihrVgvFpHgDC3VqV4FCHeoVX5Q0F2qyi6M8g+WFQUNTkSvj0zr5JZ+TV/mQaqFgtL22fzj/9Q61ZpX98qif4E/AjUyqqNO9SHoJjxTECOXzJiW76XYzplGwSUUlSAzkDJ+zXrQsjBmCkw7LzMp6LplujRKtD0x0pL97siZMmagQjupGPbNb21I/qe1Mox22rmI0wwh5u+LokxSTOgwYNoVGjjKgQWMa2HvSnmfacbRfkPFhuD/fvJfcLZZ9726f7xVa+yN4pgmq2SNbBCfbJMGOSRHpEk4uSfP5NUhzqPz4rru+Puo64w8K+RHufNvXWG3yQ==</latexit>

x

0 = x�Vt
<latexit sha1_base64="E7it/khf3OsznFYm934CRoCG9kM=">AAACIHicbVDLSgMxFM34rPVVdekmWAQ3lhkR6kYQ3bisYFuhU0smvaPBZGZI7ohlmE9x46+4caGI7vRrTNvB94GQk3Pu5eaeIJHCoOu+OROTU9Mzs6W58vzC4tJyZWW1ZeJUc2jyWMb6LGAGpIigiQIlnCUamAoktIOro6HfvgZtRByd4iCBrmIXkQgFZ2ilXqXuI9xgEGY3+XnmJ1ooyOk+/VLp9udjdGuVtfIce5WqW3NHoH+JV5AqKdDoVV79fsxTBRFyyYzpeG6C3YxpFFxCXvZTAwnjV+wCOpZGTIHpZqMFc7pplT4NY21PhHSkfu/ImDJmoAJbqRhemt/eUPzP66QY7nUzESUpQsTHg8JUUozpMC3aFxo4yoEljGth/0r5JdOMo820bEPwfq/8l7R2ap5b8052qweHRRwlsk42yBbxSJ0ckGPSIE3CyS25J4/kyblzHpxn52VcOuEUPWvkB5z3Dz9SpN8=</latexit><latexit sha1_base64="E7it/khf3OsznFYm934CRoCG9kM=">AAACIHicbVDLSgMxFM34rPVVdekmWAQ3lhkR6kYQ3bisYFuhU0smvaPBZGZI7ohlmE9x46+4caGI7vRrTNvB94GQk3Pu5eaeIJHCoOu+OROTU9Mzs6W58vzC4tJyZWW1ZeJUc2jyWMb6LGAGpIigiQIlnCUamAoktIOro6HfvgZtRByd4iCBrmIXkQgFZ2ilXqXuI9xgEGY3+XnmJ1ooyOk+/VLp9udjdGuVtfIce5WqW3NHoH+JV5AqKdDoVV79fsxTBRFyyYzpeG6C3YxpFFxCXvZTAwnjV+wCOpZGTIHpZqMFc7pplT4NY21PhHSkfu/ImDJmoAJbqRhemt/eUPzP66QY7nUzESUpQsTHg8JUUozpMC3aFxo4yoEljGth/0r5JdOMo820bEPwfq/8l7R2ap5b8052qweHRRwlsk42yBbxSJ0ckGPSIE3CyS25J4/kyblzHpxn52VcOuEUPWvkB5z3Dz9SpN8=</latexit><latexit sha1_base64="E7it/khf3OsznFYm934CRoCG9kM=">AAACIHicbVDLSgMxFM34rPVVdekmWAQ3lhkR6kYQ3bisYFuhU0smvaPBZGZI7ohlmE9x46+4caGI7vRrTNvB94GQk3Pu5eaeIJHCoOu+OROTU9Mzs6W58vzC4tJyZWW1ZeJUc2jyWMb6LGAGpIigiQIlnCUamAoktIOro6HfvgZtRByd4iCBrmIXkQgFZ2ilXqXuI9xgEGY3+XnmJ1ooyOk+/VLp9udjdGuVtfIce5WqW3NHoH+JV5AqKdDoVV79fsxTBRFyyYzpeG6C3YxpFFxCXvZTAwnjV+wCOpZGTIHpZqMFc7pplT4NY21PhHSkfu/ImDJmoAJbqRhemt/eUPzP66QY7nUzESUpQsTHg8JUUozpMC3aFxo4yoEljGth/0r5JdOMo820bEPwfq/8l7R2ap5b8052qweHRRwlsk42yBbxSJ0ckGPSIE3CyS25J4/kyblzHpxn52VcOuEUPWvkB5z3Dz9SpN8=</latexit><latexit sha1_base64="E7it/khf3OsznFYm934CRoCG9kM=">AAACIHicbVDLSgMxFM34rPVVdekmWAQ3lhkR6kYQ3bisYFuhU0smvaPBZGZI7ohlmE9x46+4caGI7vRrTNvB94GQk3Pu5eaeIJHCoOu+OROTU9Mzs6W58vzC4tJyZWW1ZeJUc2jyWMb6LGAGpIigiQIlnCUamAoktIOro6HfvgZtRByd4iCBrmIXkQgFZ2ilXqXuI9xgEGY3+XnmJ1ooyOk+/VLp9udjdGuVtfIce5WqW3NHoH+JV5AqKdDoVV79fsxTBRFyyYzpeG6C3YxpFFxCXvZTAwnjV+wCOpZGTIHpZqMFc7pplT4NY21PhHSkfu/ImDJmoAJbqRhemt/eUPzP66QY7nUzESUpQsTHg8JUUozpMC3aFxo4yoEljGth/0r5JdOMo820bEPwfq/8l7R2ap5b8052qweHRRwlsk42yBbxSJ0ckGPSIE3CyS25J4/kyblzHpxn52VcOuEUPWvkB5z3Dz9SpN8=</latexit>

t0 = t
<latexit sha1_base64="0irJc0DTrNBkY7cwpMj38ouxKn0=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0ItQ9OKxgv2ANpTNdtOu3WTD7kQoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTaNSzXiDKal0O6CGSxHzBgqUvJ1oTqNA8lYwup36rSeujVDxA44T7kd0EItQMIpWauIpuSbYK1fcqjsDWSZeTiqQo94rf3X7iqURj5FJakzHcxP0M6pRMMknpW5qeELZiA54x9KYRtz42ezaCTmxSp+EStuKkczU3xMZjYwZR4HtjCgOzaI3Ff/zOimGV34m4iRFHrP5ojCVBBWZvk76QnOGcmwJZVrYWwkbUk0Z2oBKNgRv8eVl0jyvem7Vu7+o1G7yOIpwBMdwBh5cQg3uoA4NYPAIz/AKb45yXpx352PeWnDymUP4A+fzB0UYjkI=</latexit><latexit sha1_base64="0irJc0DTrNBkY7cwpMj38ouxKn0=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0ItQ9OKxgv2ANpTNdtOu3WTD7kQoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTaNSzXiDKal0O6CGSxHzBgqUvJ1oTqNA8lYwup36rSeujVDxA44T7kd0EItQMIpWauIpuSbYK1fcqjsDWSZeTiqQo94rf3X7iqURj5FJakzHcxP0M6pRMMknpW5qeELZiA54x9KYRtz42ezaCTmxSp+EStuKkczU3xMZjYwZR4HtjCgOzaI3Ff/zOimGV34m4iRFHrP5ojCVBBWZvk76QnOGcmwJZVrYWwkbUk0Z2oBKNgRv8eVl0jyvem7Vu7+o1G7yOIpwBMdwBh5cQg3uoA4NYPAIz/AKb45yXpx352PeWnDymUP4A+fzB0UYjkI=</latexit><latexit sha1_base64="0irJc0DTrNBkY7cwpMj38ouxKn0=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0ItQ9OKxgv2ANpTNdtOu3WTD7kQoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTaNSzXiDKal0O6CGSxHzBgqUvJ1oTqNA8lYwup36rSeujVDxA44T7kd0EItQMIpWauIpuSbYK1fcqjsDWSZeTiqQo94rf3X7iqURj5FJakzHcxP0M6pRMMknpW5qeELZiA54x9KYRtz42ezaCTmxSp+EStuKkczU3xMZjYwZR4HtjCgOzaI3Ff/zOimGV34m4iRFHrP5ojCVBBWZvk76QnOGcmwJZVrYWwkbUk0Z2oBKNgRv8eVl0jyvem7Vu7+o1G7yOIpwBMdwBh5cQg3uoA4NYPAIz/AKb45yXpx352PeWnDymUP4A+fzB0UYjkI=</latexit><latexit sha1_base64="0irJc0DTrNBkY7cwpMj38ouxKn0=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0ItQ9OKxgv2ANpTNdtOu3WTD7kQoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTaNSzXiDKal0O6CGSxHzBgqUvJ1oTqNA8lYwup36rSeujVDxA44T7kd0EItQMIpWauIpuSbYK1fcqjsDWSZeTiqQo94rf3X7iqURj5FJakzHcxP0M6pRMMknpW5qeELZiA54x9KYRtz42ezaCTmxSp+EStuKkczU3xMZjYwZR4HtjCgOzaI3Ff/zOimGV34m4iRFHrP5ojCVBBWZvk76QnOGcmwJZVrYWwkbUk0Z2oBKNgRv8eVl0jyvem7Vu7+o1G7yOIpwBMdwBh5cQg3uoA4NYPAIz/AKb45yXpx352PeWnDymUP4A+fzB0UYjkI=</latexit>

Transformação de Galileu:
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Princípio de Relatividade e Eletrodinâmica
Na Eletrodinâmica (equações de Maxwell), a radiação eletromagnética (luz) se propaga 
no vácuo com velocidade dada por um valor universal  
Se a transformação de Galileu estivesse correta para a eletrodinâmica então em um 
referencial S’:  
Isso indicaria que existe um referencial privilegiado onde a velocidade da luz é dada por 
c (em todas as direções). Essa hipótese foi descartada por experimentos (experimento 
de Michelson e Morley). 

c = 1/
p
µ0✏0
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Experimento de Michelson e Morley

Se valem as equações de Maxwell e o princípio de 
relatividade para todas as leis físicas, então a 
Mecânica newtoniana e a transformação de Galileu 
não podem estar corretas. 

Postulados da relatividade: 
As leis físicas são as mesmas em todos os referenciais 
inerciais. 
A velocidade da luz no vácuo c é a mesma em todas 
as direções e em todos os referenciais inerciais.
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A relatividade do tempo
Considere dois eventos medidos por dois 
observadores que se movem entre si (por exemplo 
um observador em um trem e um segundo em uma 
estação por onde passa o trem). 
Para o primeiro observador um pulso de luz é 
emitido, reflete em um espelho e retorna para o 
mesmo ponto, onde é detectado: 

�t0 =
2L
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37-5 The Relativity of Time
If observers who move relative to each other measure the time interval (or tem-
poral separation) between two events, they generally will find different results.
Why? Because the spatial separation of the events can affect the time intervals
measured by the observers.

The time interval between two events depends on how far apart they occur in both
space and time; that is, their spatial and temporal separations are entangled.

In this section we discuss this entanglement by means of an example; however, the
example is restricted in a crucial way: To one of two observers, the two events occur at
the same location.We shall not get to more general examples until Section 37-7.

Figure 37-5a shows the basics of an experiment Sally conducts while she and her
equipment—a light source, a mirror, and a clock—ride in a train moving with con-
stant velocity relative to a station.A pulse of light leaves the light source B (event
1), travels vertically upward, is reflected vertically downward by the mirror, and then
is detected back at the source (event 2). Sally measures a certain time interval !t0

between the two events, related to the distance D from source to mirror by

(Sally). (37-3)

The two events occur at the same location in Sally’s reference frame, and she
needs only one clock C at that location to measure the time interval. Clock C is
shown twice in Fig. 37-5a, at the beginning and end of the interval.

Consider now how these same two events are measured by Sam, who is
standing on the station platform as the train passes. Because the equipment
moves with the train during the travel time of the light, Sam sees the path of the
light as shown in Fig. 37-5b. For him, the two events occur at different places in
his reference frame, and so to measure the time interval between events, Sam
must use two synchronized clocks, C1 and C2, one at each event. According to
Einstein’s speed of light postulate, the light travels at the same speed c for Sam as
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Event 1 is the emission of light.
Event 2 is the return of the light.
We want the time between them.

The measure of that time interval
on Sally's clock differs from that
on Sam's clock due to the relative
motion.
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Fig. 37-5 (a) Sally, on the
train, measures the time interval
!t0 between events 1 and 2 using
a single clock C on the train.That
clock is shown twice: first for
event 1 and then for event 2. (b)
Sam, watching from the station
as the events occur, requires two
synchronized clocks, C1 at event
1 and C2 at event 2, to measure
the time interval between the
two events; his measured time
interval is !t.
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Para este observador os dois eventos ocorrem no 
mesmo ponto no espaço. 
O “relógio” está em repouso neste referencial. 
Chamamos o tempo marcado por este relógio de 
tempo próprio. 
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<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>

O
<latexit sha1_base64="1qAUiPobpYiVdtKNLHMgLgPW9h4=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxZsV7Ae2oWy2m3bp7ibsTsQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8MBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNHGqKWvQWMS6HRLDBFesgRwFayeaERkK1gpH11O/9ci04bG6x3HCAkkGikecErTSQxfZE2qZ3U565YpX9WZwl4mfkwrkqPfKX91+TFPJFFJBjOn4XoJBRjRyKtik1E0NSwgdkQHrWKqIZCbIZhdP3BOr9N0o1rYUujP190RGpDFjGdpOSXBoFr2p+J/XSTG6DDKukhSZovNFUSpcjN3p+26fa0ZRjC0hVHN7q0uHRBOKNqSSDcFffHmZNM+qvlf1784rtas8jiIcwTGcgg8XUIMbqEMDKCh4hld4c4zz4rw7H/PWgpPPHMIfOJ8/C8CRJQ==</latexit><latexit sha1_base64="1qAUiPobpYiVdtKNLHMgLgPW9h4=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxZsV7Ae2oWy2m3bp7ibsTsQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8MBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNHGqKWvQWMS6HRLDBFesgRwFayeaERkK1gpH11O/9ci04bG6x3HCAkkGikecErTSQxfZE2qZ3U565YpX9WZwl4mfkwrkqPfKX91+TFPJFFJBjOn4XoJBRjRyKtik1E0NSwgdkQHrWKqIZCbIZhdP3BOr9N0o1rYUujP190RGpDFjGdpOSXBoFr2p+J/XSTG6DDKukhSZovNFUSpcjN3p+26fa0ZRjC0hVHN7q0uHRBOKNqSSDcFffHmZNM+qvlf1784rtas8jiIcwTGcgg8XUIMbqEMDKCh4hld4c4zz4rw7H/PWgpPPHMIfOJ8/C8CRJQ==</latexit><latexit sha1_base64="1qAUiPobpYiVdtKNLHMgLgPW9h4=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxZsV7Ae2oWy2m3bp7ibsTsQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8MBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNHGqKWvQWMS6HRLDBFesgRwFayeaERkK1gpH11O/9ci04bG6x3HCAkkGikecErTSQxfZE2qZ3U565YpX9WZwl4mfkwrkqPfKX91+TFPJFFJBjOn4XoJBRjRyKtik1E0NSwgdkQHrWKqIZCbIZhdP3BOr9N0o1rYUujP190RGpDFjGdpOSXBoFr2p+J/XSTG6DDKukhSZovNFUSpcjN3p+26fa0ZRjC0hVHN7q0uHRBOKNqSSDcFffHmZNM+qvlf1784rtas8jiIcwTGcgg8XUIMbqEMDKCh4hld4c4zz4rw7H/PWgpPPHMIfOJ8/C8CRJQ==</latexit><latexit sha1_base64="1qAUiPobpYiVdtKNLHMgLgPW9h4=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxZsV7Ae2oWy2m3bp7ibsTsQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8MBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNHGqKWvQWMS6HRLDBFesgRwFayeaERkK1gpH11O/9ci04bG6x3HCAkkGikecErTSQxfZE2qZ3U565YpX9WZwl4mfkwrkqPfKX91+TFPJFFJBjOn4XoJBRjRyKtik1E0NSwgdkQHrWKqIZCbIZhdP3BOr9N0o1rYUujP190RGpDFjGdpOSXBoFr2p+J/XSTG6DDKukhSZovNFUSpcjN3p+26fa0ZRjC0hVHN7q0uHRBOKNqSSDcFffHmZNM+qvlf1784rtas8jiIcwTGcgg8XUIMbqEMDKCh4hld4c4zz4rw7H/PWgpPPHMIfOJ8/C8CRJQ==</latexit> O0

<latexit sha1_base64="OBuFPtsQWSmFA4HWTguFrfUAo1o=">AAAB/HicbVDLSgNBEJyNrxhf0Ry9DAbBU9gVQY9BL96MYB6QxDA76U2GzOwuM73issRf8eJBEa9+iDf/xsnjoIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEc6jzSEa65TMDUoRQR4ESWrEGpnwJTX90NfGbD6CNiMI7TGPoKjYIRSA4Qyv1iqUOwiNqld2M77NOrIWCca9YdivuFHSZeHNSJnPUesWvTj/iiYIQuWTGtD03xm7GNAouYVzoJAZixkdsAG1LQ6bAdLPp8WN6bJU+DSJtK0Q6VX9PZEwZkyrfdiqGQ7PoTcT/vHaCwUU3E2GcIIR8tihIJMWITpKgfaGBo0wtYVwLeyvlQ6YZR5tXwYbgLb68TBqnFc+teLdn5erlPI48OSRH5IR45JxUyTWpkTrhJCXP5JW8OU/Oi/PufMxac858pkT+wPn8AcxqlX8=</latexit><latexit sha1_base64="OBuFPtsQWSmFA4HWTguFrfUAo1o=">AAAB/HicbVDLSgNBEJyNrxhf0Ry9DAbBU9gVQY9BL96MYB6QxDA76U2GzOwuM73issRf8eJBEa9+iDf/xsnjoIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEc6jzSEa65TMDUoRQR4ESWrEGpnwJTX90NfGbD6CNiMI7TGPoKjYIRSA4Qyv1iqUOwiNqld2M77NOrIWCca9YdivuFHSZeHNSJnPUesWvTj/iiYIQuWTGtD03xm7GNAouYVzoJAZixkdsAG1LQ6bAdLPp8WN6bJU+DSJtK0Q6VX9PZEwZkyrfdiqGQ7PoTcT/vHaCwUU3E2GcIIR8tihIJMWITpKgfaGBo0wtYVwLeyvlQ6YZR5tXwYbgLb68TBqnFc+teLdn5erlPI48OSRH5IR45JxUyTWpkTrhJCXP5JW8OU/Oi/PufMxac858pkT+wPn8AcxqlX8=</latexit><latexit sha1_base64="OBuFPtsQWSmFA4HWTguFrfUAo1o=">AAAB/HicbVDLSgNBEJyNrxhf0Ry9DAbBU9gVQY9BL96MYB6QxDA76U2GzOwuM73issRf8eJBEa9+iDf/xsnjoIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEc6jzSEa65TMDUoRQR4ESWrEGpnwJTX90NfGbD6CNiMI7TGPoKjYIRSA4Qyv1iqUOwiNqld2M77NOrIWCca9YdivuFHSZeHNSJnPUesWvTj/iiYIQuWTGtD03xm7GNAouYVzoJAZixkdsAG1LQ6bAdLPp8WN6bJU+DSJtK0Q6VX9PZEwZkyrfdiqGQ7PoTcT/vHaCwUU3E2GcIIR8tihIJMWITpKgfaGBo0wtYVwLeyvlQ6YZR5tXwYbgLb68TBqnFc+teLdn5erlPI48OSRH5IR45JxUyTWpkTrhJCXP5JW8OU/Oi/PufMxac858pkT+wPn8AcxqlX8=</latexit><latexit sha1_base64="OBuFPtsQWSmFA4HWTguFrfUAo1o=">AAAB/HicbVDLSgNBEJyNrxhf0Ry9DAbBU9gVQY9BL96MYB6QxDA76U2GzOwuM73issRf8eJBEa9+iDf/xsnjoIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEc6jzSEa65TMDUoRQR4ESWrEGpnwJTX90NfGbD6CNiMI7TGPoKjYIRSA4Qyv1iqUOwiNqld2M77NOrIWCca9YdivuFHSZeHNSJnPUesWvTj/iiYIQuWTGtD03xm7GNAouYVzoJAZixkdsAG1LQ6bAdLPp8WN6bJU+DSJtK0Q6VX9PZEwZkyrfdiqGQ7PoTcT/vHaCwUU3E2GcIIR8tihIJMWITpKgfaGBo0wtYVwLeyvlQ6YZR5tXwYbgLb68TBqnFc+teLdn5erlPI48OSRH5IR45JxUyTWpkTrhJCXP5JW8OU/Oi/PufMxac858pkT+wPn8AcxqlX8=</latexit>

x

0
<latexit sha1_base64="9511IaG5eUx9iWCMERc8SOuZcYg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbWDbbSbt0swm7G7GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbj6g0j+WdGSfoR3QgecgZNVa6f3rIuoniEU565YpbdWcgy8TLSQVy1Hvlr24/ZmmE0jBBte54bmL8jCrDmcBJqZtqTCgb0QF2LJU0Qu1ns4sn5MQqfRLGypY0ZKb+nshopPU4CmxnRM1QL3pT8T+vk5rw0s+4TFKDks0XhakgJibT90mfK2RGjC2hTHF7K2FDqigzNqSSDcFbfHmZNM+qnlv1bs8rtas8jiIcwTGcggcXUIMbqEMDGEh4hld4c7Tz4rw7H/PWgpPPHMIfOJ8/C9iRJQ==</latexit><latexit sha1_base64="9511IaG5eUx9iWCMERc8SOuZcYg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbWDbbSbt0swm7G7GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbj6g0j+WdGSfoR3QgecgZNVa6f3rIuoniEU565YpbdWcgy8TLSQVy1Hvlr24/ZmmE0jBBte54bmL8jCrDmcBJqZtqTCgb0QF2LJU0Qu1ns4sn5MQqfRLGypY0ZKb+nshopPU4CmxnRM1QL3pT8T+vk5rw0s+4TFKDks0XhakgJibT90mfK2RGjC2hTHF7K2FDqigzNqSSDcFbfHmZNM+qnlv1bs8rtas8jiIcwTGcggcXUIMbqEMDGEh4hld4c7Tz4rw7H/PWgpPPHMIfOJ8/C9iRJQ==</latexit><latexit sha1_base64="9511IaG5eUx9iWCMERc8SOuZcYg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbWDbbSbt0swm7G7GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbj6g0j+WdGSfoR3QgecgZNVa6f3rIuoniEU565YpbdWcgy8TLSQVy1Hvlr24/ZmmE0jBBte54bmL8jCrDmcBJqZtqTCgb0QF2LJU0Qu1ns4sn5MQqfRLGypY0ZKb+nshopPU4CmxnRM1QL3pT8T+vk5rw0s+4TFKDks0XhakgJibT90mfK2RGjC2hTHF7K2FDqigzNqSSDcFbfHmZNM+qnlv1bs8rtas8jiIcwTGcggcXUIMbqEMDGEh4hld4c7Tz4rw7H/PWgpPPHMIfOJ8/C9iRJQ==</latexit><latexit sha1_base64="9511IaG5eUx9iWCMERc8SOuZcYg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbWDbbSbt0swm7G7GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbj6g0j+WdGSfoR3QgecgZNVa6f3rIuoniEU565YpbdWcgy8TLSQVy1Hvlr24/ZmmE0jBBte54bmL8jCrDmcBJqZtqTCgb0QF2LJU0Qu1ns4sn5MQqfRLGypY0ZKb+nshopPU4CmxnRM1QL3pT8T+vk5rw0s+4TFKDks0XhakgJibT90mfK2RGjC2hTHF7K2FDqigzNqSSDcFbfHmZNM+qnlv1bs8rtas8jiIcwTGcggcXUIMbqEMDGEh4hld4c7Tz4rw7H/PWgpPPHMIfOJ8/C9iRJQ==</latexit>

y0
<latexit sha1_base64="Z4R1z7hjewijLHxi1qsKOPSZXo8=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxgP7CNZbOdtEt3N2F3I4TQf+HFgyJe/Tfe/Ddu2xy09cHA470ZZuaFCWfaeN63s7K6tr6xWdoqb+/s7u1XDg5bOk4VxSaNeaw6IdHImcSmYYZjJ1FIRMixHY5vpn77CZVmsbw3WYKBIEPJIkaJsdJD9pj3EsUETvqVqlfzZnCXiV+QKhRo9CtfvUFMU4HSUE607vpeYoKcKMMox0m5l2pMCB2TIXYtlUSgDvLZxRP31CoDN4qVLWncmfp7IidC60yEtlMQM9KL3lT8z+umJroKciaT1KCk80VRyl0Tu9P33QFTSA3PLCFUMXurS0dEEWpsSGUbgr/48jJpndd8r+bfXVTr10UcJTiGEzgDHy6hDrfQgCZQkPAMr/DmaOfFeXc+5q0rTjFzBH/gfP4ADWWRJg==</latexit><latexit sha1_base64="Z4R1z7hjewijLHxi1qsKOPSZXo8=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxgP7CNZbOdtEt3N2F3I4TQf+HFgyJe/Tfe/Ddu2xy09cHA470ZZuaFCWfaeN63s7K6tr6xWdoqb+/s7u1XDg5bOk4VxSaNeaw6IdHImcSmYYZjJ1FIRMixHY5vpn77CZVmsbw3WYKBIEPJIkaJsdJD9pj3EsUETvqVqlfzZnCXiV+QKhRo9CtfvUFMU4HSUE607vpeYoKcKMMox0m5l2pMCB2TIXYtlUSgDvLZxRP31CoDN4qVLWncmfp7IidC60yEtlMQM9KL3lT8z+umJroKciaT1KCk80VRyl0Tu9P33QFTSA3PLCFUMXurS0dEEWpsSGUbgr/48jJpndd8r+bfXVTr10UcJTiGEzgDHy6hDrfQgCZQkPAMr/DmaOfFeXc+5q0rTjFzBH/gfP4ADWWRJg==</latexit><latexit sha1_base64="Z4R1z7hjewijLHxi1qsKOPSZXo8=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxgP7CNZbOdtEt3N2F3I4TQf+HFgyJe/Tfe/Ddu2xy09cHA470ZZuaFCWfaeN63s7K6tr6xWdoqb+/s7u1XDg5bOk4VxSaNeaw6IdHImcSmYYZjJ1FIRMixHY5vpn77CZVmsbw3WYKBIEPJIkaJsdJD9pj3EsUETvqVqlfzZnCXiV+QKhRo9CtfvUFMU4HSUE607vpeYoKcKMMox0m5l2pMCB2TIXYtlUSgDvLZxRP31CoDN4qVLWncmfp7IidC60yEtlMQM9KL3lT8z+umJroKciaT1KCk80VRyl0Tu9P33QFTSA3PLCFUMXurS0dEEWpsSGUbgr/48jJpndd8r+bfXVTr10UcJTiGEzgDHy6hDrfQgCZQkPAMr/DmaOfFeXc+5q0rTjFzBH/gfP4ADWWRJg==</latexit><latexit sha1_base64="Z4R1z7hjewijLHxi1qsKOPSZXo8=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxgP7CNZbOdtEt3N2F3I4TQf+HFgyJe/Tfe/Ddu2xy09cHA470ZZuaFCWfaeN63s7K6tr6xWdoqb+/s7u1XDg5bOk4VxSaNeaw6IdHImcSmYYZjJ1FIRMixHY5vpn77CZVmsbw3WYKBIEPJIkaJsdJD9pj3EsUETvqVqlfzZnCXiV+QKhRo9CtfvUFMU4HSUE607vpeYoKcKMMox0m5l2pMCB2TIXYtlUSgDvLZxRP31CoDN4qVLWncmfp7IidC60yEtlMQM9KL3lT8z+umJroKciaT1KCk80VRyl0Tu9P33QFTSA3PLCFUMXurS0dEEWpsSGUbgr/48jJpndd8r+bfXVTr10UcJTiGEzgDHy6hDrfQgCZQkPAMr/DmaOfFeXc+5q0rTjFzBH/gfP4ADWWRJg==</latexit>

V
<latexit sha1_base64="l4Mk7pm8hwZ1hj/1VXfmjzty3C8=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6LLoxmUF+4A2lMl00g6dScLMjRhC/BU3LhRx64e482+cpllo64HLPZxzL3Pn+LHgGhzn26qsrW9sblW3azu7e/sH9uFRV0eJoqxDIxGpvk80EzxkHeAgWD9WjEhfsJ4/u5n7vQemNI/Ce0hj5kkyCXnAKQEjjez6ENgj+EFWdCWzbp6P7IbTdArgVeKWpIFKtEf213Ac0USyEKggWg9cJwYvIwo4FSyvDRPNYkJnZMIGhoZEMu1lxfE5PjXKGAeRMhUCLtTfGxmRWqfSN5OSwFQve3PxP2+QQHDlZTyME2AhXTwUJAJDhOdJ4DFXjIJIDSFUcXMrplOiCAWTV82E4C5/eZV0z5uu03TvLhqt6zKOKjpGJ+gMuegStdAtaqMOoihFz+gVvVlP1ov1bn0sRitWuVNHf2B9/gDyJJWY</latexit><latexit sha1_base64="l4Mk7pm8hwZ1hj/1VXfmjzty3C8=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6LLoxmUF+4A2lMl00g6dScLMjRhC/BU3LhRx64e482+cpllo64HLPZxzL3Pn+LHgGhzn26qsrW9sblW3azu7e/sH9uFRV0eJoqxDIxGpvk80EzxkHeAgWD9WjEhfsJ4/u5n7vQemNI/Ce0hj5kkyCXnAKQEjjez6ENgj+EFWdCWzbp6P7IbTdArgVeKWpIFKtEf213Ac0USyEKggWg9cJwYvIwo4FSyvDRPNYkJnZMIGhoZEMu1lxfE5PjXKGAeRMhUCLtTfGxmRWqfSN5OSwFQve3PxP2+QQHDlZTyME2AhXTwUJAJDhOdJ4DFXjIJIDSFUcXMrplOiCAWTV82E4C5/eZV0z5uu03TvLhqt6zKOKjpGJ+gMuegStdAtaqMOoihFz+gVvVlP1ov1bn0sRitWuVNHf2B9/gDyJJWY</latexit><latexit sha1_base64="l4Mk7pm8hwZ1hj/1VXfmjzty3C8=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6LLoxmUF+4A2lMl00g6dScLMjRhC/BU3LhRx64e482+cpllo64HLPZxzL3Pn+LHgGhzn26qsrW9sblW3azu7e/sH9uFRV0eJoqxDIxGpvk80EzxkHeAgWD9WjEhfsJ4/u5n7vQemNI/Ce0hj5kkyCXnAKQEjjez6ENgj+EFWdCWzbp6P7IbTdArgVeKWpIFKtEf213Ac0USyEKggWg9cJwYvIwo4FSyvDRPNYkJnZMIGhoZEMu1lxfE5PjXKGAeRMhUCLtTfGxmRWqfSN5OSwFQve3PxP2+QQHDlZTyME2AhXTwUJAJDhOdJ4DFXjIJIDSFUcXMrplOiCAWTV82E4C5/eZV0z5uu03TvLhqt6zKOKjpGJ+gMuegStdAtaqMOoihFz+gVvVlP1ov1bn0sRitWuVNHf2B9/gDyJJWY</latexit><latexit sha1_base64="l4Mk7pm8hwZ1hj/1VXfmjzty3C8=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6LLoxmUF+4A2lMl00g6dScLMjRhC/BU3LhRx64e482+cpllo64HLPZxzL3Pn+LHgGhzn26qsrW9sblW3azu7e/sH9uFRV0eJoqxDIxGpvk80EzxkHeAgWD9WjEhfsJ4/u5n7vQemNI/Ce0hj5kkyCXnAKQEjjez6ENgj+EFWdCWzbp6P7IbTdArgVeKWpIFKtEf213Ac0USyEKggWg9cJwYvIwo4FSyvDRPNYkJnZMIGhoZEMu1lxfE5PjXKGAeRMhUCLtTfGxmRWqfSN5OSwFQve3PxP2+QQHDlZTyME2AhXTwUJAJDhOdJ4DFXjIJIDSFUcXMrplOiCAWTV82E4C5/eZV0z5uu03TvLhqt6zKOKjpGJ+gMuegStdAtaqMOoihFz+gVvVlP1ov1bn0sRitWuVNHf2B9/gDyJJWY</latexit>

(Estação) (Trem em 
movimento)

(Em repouso no 
referencial S’)

(S) (S’)
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Agora queremos medir o tempo entre os dois 
eventos (emissão e detecção do pulso de luz) no 
referencial em que a fonte (e o primeiro 
observador) se movem. Esse é o observador 
parado na estação de trem no exemplo anterior. 
O tempo total para o pulso de luz percorrer o 
caminho é dado por: 

37-5 The Relativity of Time
If observers who move relative to each other measure the time interval (or tem-
poral separation) between two events, they generally will find different results.
Why? Because the spatial separation of the events can affect the time intervals
measured by the observers.

The time interval between two events depends on how far apart they occur in both
space and time; that is, their spatial and temporal separations are entangled.

In this section we discuss this entanglement by means of an example; however, the
example is restricted in a crucial way: To one of two observers, the two events occur at
the same location.We shall not get to more general examples until Section 37-7.

Figure 37-5a shows the basics of an experiment Sally conducts while she and her
equipment—a light source, a mirror, and a clock—ride in a train moving with con-
stant velocity relative to a station.A pulse of light leaves the light source B (event
1), travels vertically upward, is reflected vertically downward by the mirror, and then
is detected back at the source (event 2). Sally measures a certain time interval !t0

between the two events, related to the distance D from source to mirror by

(Sally). (37-3)

The two events occur at the same location in Sally’s reference frame, and she
needs only one clock C at that location to measure the time interval. Clock C is
shown twice in Fig. 37-5a, at the beginning and end of the interval.

Consider now how these same two events are measured by Sam, who is
standing on the station platform as the train passes. Because the equipment
moves with the train during the travel time of the light, Sam sees the path of the
light as shown in Fig. 37-5b. For him, the two events occur at different places in
his reference frame, and so to measure the time interval between events, Sam
must use two synchronized clocks, C1 and C2, one at each event. According to
Einstein’s speed of light postulate, the light travels at the same speed c for Sam as
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Event 1 is the emission of light.
Event 2 is the return of the light.
We want the time between them.

The measure of that time interval
on Sally's clock differs from that
on Sam's clock due to the relative
motion.

102737-5 TH E R E LATIVITY OF TI M E
PART 4

HALLIDAY REVISED

Fig. 37-5 (a) Sally, on the
train, measures the time interval
!t0 between events 1 and 2 using
a single clock C on the train.That
clock is shown twice: first for
event 1 and then for event 2. (b)
Sam, watching from the station
as the events occur, requires two
synchronized clocks, C1 at event
1 and C2 at event 2, to measure
the time interval between the
two events; his measured time
interval is !t.
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<latexit sha1_base64="l4Mk7pm8hwZ1hj/1VXfmjzty3C8=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6LLoxmUF+4A2lMl00g6dScLMjRhC/BU3LhRx64e482+cpllo64HLPZxzL3Pn+LHgGhzn26qsrW9sblW3azu7e/sH9uFRV0eJoqxDIxGpvk80EzxkHeAgWD9WjEhfsJ4/u5n7vQemNI/Ce0hj5kkyCXnAKQEjjez6ENgj+EFWdCWzbp6P7IbTdArgVeKWpIFKtEf213Ac0USyEKggWg9cJwYvIwo4FSyvDRPNYkJnZMIGhoZEMu1lxfE5PjXKGAeRMhUCLtTfGxmRWqfSN5OSwFQve3PxP2+QQHDlZTyME2AhXTwUJAJDhOdJ4DFXjIJIDSFUcXMrplOiCAWTV82E4C5/eZV0z5uu03TvLhqt6zKOKjpGJ+gMuegStdAtaqMOoihFz+gVvVlP1ov1bn0sRitWuVNHf2B9/gDyJJWY</latexit><latexit sha1_base64="l4Mk7pm8hwZ1hj/1VXfmjzty3C8=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6LLoxmUF+4A2lMl00g6dScLMjRhC/BU3LhRx64e482+cpllo64HLPZxzL3Pn+LHgGhzn26qsrW9sblW3azu7e/sH9uFRV0eJoqxDIxGpvk80EzxkHeAgWD9WjEhfsJ4/u5n7vQemNI/Ce0hj5kkyCXnAKQEjjez6ENgj+EFWdCWzbp6P7IbTdArgVeKWpIFKtEf213Ac0USyEKggWg9cJwYvIwo4FSyvDRPNYkJnZMIGhoZEMu1lxfE5PjXKGAeRMhUCLtTfGxmRWqfSN5OSwFQve3PxP2+QQHDlZTyME2AhXTwUJAJDhOdJ4DFXjIJIDSFUcXMrplOiCAWTV82E4C5/eZV0z5uu03TvLhqt6zKOKjpGJ+gMuegStdAtaqMOoihFz+gVvVlP1ov1bn0sRitWuVNHf2B9/gDyJJWY</latexit><latexit sha1_base64="l4Mk7pm8hwZ1hj/1VXfmjzty3C8=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6LLoxmUF+4A2lMl00g6dScLMjRhC/BU3LhRx64e482+cpllo64HLPZxzL3Pn+LHgGhzn26qsrW9sblW3azu7e/sH9uFRV0eJoqxDIxGpvk80EzxkHeAgWD9WjEhfsJ4/u5n7vQemNI/Ce0hj5kkyCXnAKQEjjez6ENgj+EFWdCWzbp6P7IbTdArgVeKWpIFKtEf213Ac0USyEKggWg9cJwYvIwo4FSyvDRPNYkJnZMIGhoZEMu1lxfE5PjXKGAeRMhUCLtTfGxmRWqfSN5OSwFQve3PxP2+QQHDlZTyME2AhXTwUJAJDhOdJ4DFXjIJIDSFUcXMrplOiCAWTV82E4C5/eZV0z5uu03TvLhqt6zKOKjpGJ+gMuegStdAtaqMOoihFz+gVvVlP1ov1bn0sRitWuVNHf2B9/gDyJJWY</latexit><latexit sha1_base64="l4Mk7pm8hwZ1hj/1VXfmjzty3C8=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6LLoxmUF+4A2lMl00g6dScLMjRhC/BU3LhRx64e482+cpllo64HLPZxzL3Pn+LHgGhzn26qsrW9sblW3azu7e/sH9uFRV0eJoqxDIxGpvk80EzxkHeAgWD9WjEhfsJ4/u5n7vQemNI/Ce0hj5kkyCXnAKQEjjez6ENgj+EFWdCWzbp6P7IbTdArgVeKWpIFKtEf213Ac0USyEKggWg9cJwYvIwo4FSyvDRPNYkJnZMIGhoZEMu1lxfE5PjXKGAeRMhUCLtTfGxmRWqfSN5OSwFQve3PxP2+QQHDlZTyME2AhXTwUJAJDhOdJ4DFXjIJIDSFUcXMrplOiCAWTV82E4C5/eZV0z5uu03TvLhqt6zKOKjpGJ+gMuegStdAtaqMOoihFz+gVvVlP1ov1bn0sRitWuVNHf2B9/gDyJJWY</latexit>

L
<latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit><latexit sha1_base64="5puov2m8/Zu/Hvbse1+ETxmDeIg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoY2GRgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWD2aSoB/RoeQhZ9RYqXHfL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpHVR9dyq17is1G7yOIpwAqdwDh5cQQ3uoA5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6OJjNA=</latexit>

Espelho

A relatividade do tempo

�t =
2l

c
=

2
q�

1
2V�t

�2
+ L2

c
<latexit sha1_base64="odLOD8DlWrpjeZl6hs9wIrCWDWM="></latexit><latexit sha1_base64="odLOD8DlWrpjeZl6hs9wIrCWDWM="></latexit><latexit sha1_base64="odLOD8DlWrpjeZl6hs9wIrCWDWM="></latexit><latexit sha1_base64="odLOD8DlWrpjeZl6hs9wIrCWDWM="></latexit>

Reorganizando a equação em relação ao tempo 
próprio: 

�t2
✓
1� V2

c2

◆
= �t20 ) �t =

�t0q
1� V2

c2
<latexit sha1_base64="22gRYyMTsSzIDLbvMwN8bSW1A7k="></latexit><latexit sha1_base64="22gRYyMTsSzIDLbvMwN8bSW1A7k="></latexit><latexit sha1_base64="22gRYyMTsSzIDLbvMwN8bSW1A7k="></latexit><latexit sha1_base64="22gRYyMTsSzIDLbvMwN8bSW1A7k="></latexit>
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V < c ) 1q
1� V2

c2

> 1 ) �t > �t0

<latexit sha1_base64="JeOWNkPGhYu9PkvgE280WmNVvJo="></latexit><latexit sha1_base64="JeOWNkPGhYu9PkvgE280WmNVvJo="></latexit><latexit sha1_base64="JeOWNkPGhYu9PkvgE280WmNVvJo="></latexit><latexit sha1_base64="JeOWNkPGhYu9PkvgE280WmNVvJo="></latexit>

A relatividade do tempo
O segundo observador mede um tempo maior que o primeiro para os dois eventos: 

�t = ��t0

0

@� =
1q

1� V2

c2

� 1

1

A

<latexit sha1_base64="hMc080I8rLVvHucT+V0lSUXfB3I="></latexit><latexit sha1_base64="hMc080I8rLVvHucT+V0lSUXfB3I="></latexit><latexit sha1_base64="hMc080I8rLVvHucT+V0lSUXfB3I="></latexit><latexit sha1_base64="hMc080I8rLVvHucT+V0lSUXfB3I="></latexit>

Podemos re-escrever a relação entre os tempos medidos pelos dois observadores 
como:

Se a velocidade V é muito pequena em relação à velocidade da luz c, então:

V ⌧ c ) � ⇡ 1 ) �t ⇡ �t0
<latexit sha1_base64="H9MBRIByTwGykbamyr5oloHaDpE="></latexit><latexit sha1_base64="H9MBRIByTwGykbamyr5oloHaDpE="></latexit><latexit sha1_base64="H9MBRIByTwGykbamyr5oloHaDpE="></latexit><latexit sha1_base64="H9MBRIByTwGykbamyr5oloHaDpE="></latexit>

Essa é a aproximação da Mecânica newtoniana.
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Simultaneidade
Dois eventos distantes e simultâneos em um referencial inercial (S) não são em geral 
simultâneos em um outro referencial (S’) 
Considere dois eventos (por exemplo a queda de relâmpagos) nos pontos P1 e P2 
abaixo, nas extremidades do trem em movimento. No referencial S do trilho os dois 
eventos são simultâneos e os sinais luminosos partindo de P1 e P2 chegam ao mesmo 
tempo no ponto médio M. 
No referencial S’ o ponto médio M’ entre as extremidades do trem não vê os sinais dos 
dois eventos ao mesmo tempo (eles não são simultâneos). 
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Exemplo
Uma espaçonave com um astronauta passa pela Terra com uma velocidade relativa de 
0,999c, viaja 10 anos (tempo medido pelo astronauta), faz meia-volta e retorna à Terra 
com velocidade relativa de mesma magnitude, por mais 10 anos. Quanto tempo leva a 
viagem de acordo com um observador terrestre? (Despreze os efeitos da aceleração).
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Exemplo
Uma espaçonave com um astronauta passa pela Terra com uma velocidade relativa de 
0,999c, viaja 10 anos (tempo medido pelo astronauta), faz meia-volta e retorna à Terra 
com velocidade relativa de mesma magnitude, por mais 10 anos. Quanto tempo leva a 
viagem de acordo com um observador terrestre? (Despreze os efeitos da aceleração).

O tempo próprio do observador na nave espacial (para o astronauta) é de 10 anos 
tanto para o percurso de ida como para o de volta.  
Para ambos os percursos o tempo medido por um observador no referencial terrestre 
será (onde V = 0,999c): 

�t = ��t0 =
1q

1� V2

c2

�t0

<latexit sha1_base64="XRFlzJyqoP/bvMh1TnwV2H5sEaU="></latexit><latexit sha1_base64="XRFlzJyqoP/bvMh1TnwV2H5sEaU="></latexit><latexit sha1_base64="XRFlzJyqoP/bvMh1TnwV2H5sEaU="></latexit><latexit sha1_base64="XRFlzJyqoP/bvMh1TnwV2H5sEaU="></latexit>
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Exemplo
Uma espaçonave com um astronauta passa pela Terra com uma velocidade relativa de 
0,999c, viaja 10 anos (tempo medido pelo astronauta), faz meia-volta e retorna à Terra 
com velocidade relativa de mesma magnitude, por mais 10 anos. Quanto tempo leva a 
viagem de acordo com um observador terrestre? (Despreze os efeitos da aceleração).

O tempo próprio do observador na nave espacial (para o astronauta) é de 10 anos 
tanto para o percurso de ida como para o de volta.  
Para ambos os percursos o tempo medido por um observador no referencial terrestre 
será (onde V = 0,999c): 

�t = ��t0 =
1q

1� V2

c2

�t0

<latexit sha1_base64="XRFlzJyqoP/bvMh1TnwV2H5sEaU="></latexit><latexit sha1_base64="XRFlzJyqoP/bvMh1TnwV2H5sEaU="></latexit><latexit sha1_base64="XRFlzJyqoP/bvMh1TnwV2H5sEaU="></latexit><latexit sha1_base64="XRFlzJyqoP/bvMh1TnwV2H5sEaU="></latexit>

8

O percurso de ida e volta será medido como aproximadamente 448 anos no referencial 
terrestre.

� ⇡ 22,37 ) �t = ��t0 ⇡ 224 anos

<latexit sha1_base64="OoFt98TV+Z/OCkuBYvGfA6sz1tM="></latexit><latexit sha1_base64="OoFt98TV+Z/OCkuBYvGfA6sz1tM="></latexit><latexit sha1_base64="OoFt98TV+Z/OCkuBYvGfA6sz1tM="></latexit><latexit sha1_base64="OoFt98TV+Z/OCkuBYvGfA6sz1tM="></latexit>



O0
<latexit sha1_base64="OBuFPtsQWSmFA4HWTguFrfUAo1o=">AAAB/HicbVDLSgNBEJyNrxhf0Ry9DAbBU9gVQY9BL96MYB6QxDA76U2GzOwuM73issRf8eJBEa9+iDf/xsnjoIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEc6jzSEa65TMDUoRQR4ESWrEGpnwJTX90NfGbD6CNiMI7TGPoKjYIRSA4Qyv1iqUOwiNqld2M77NOrIWCca9YdivuFHSZeHNSJnPUesWvTj/iiYIQuWTGtD03xm7GNAouYVzoJAZixkdsAG1LQ6bAdLPp8WN6bJU+DSJtK0Q6VX9PZEwZkyrfdiqGQ7PoTcT/vHaCwUU3E2GcIIR8tihIJMWITpKgfaGBo0wtYVwLeyvlQ6YZR5tXwYbgLb68TBqnFc+teLdn5erlPI48OSRH5IR45JxUyTWpkTrhJCXP5JW8OU/Oi/PufMxac858pkT+wPn8AcxqlX8=</latexit><latexit sha1_base64="OBuFPtsQWSmFA4HWTguFrfUAo1o=">AAAB/HicbVDLSgNBEJyNrxhf0Ry9DAbBU9gVQY9BL96MYB6QxDA76U2GzOwuM73issRf8eJBEa9+iDf/xsnjoIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEc6jzSEa65TMDUoRQR4ESWrEGpnwJTX90NfGbD6CNiMI7TGPoKjYIRSA4Qyv1iqUOwiNqld2M77NOrIWCca9YdivuFHSZeHNSJnPUesWvTj/iiYIQuWTGtD03xm7GNAouYVzoJAZixkdsAG1LQ6bAdLPp8WN6bJU+DSJtK0Q6VX9PZEwZkyrfdiqGQ7PoTcT/vHaCwUU3E2GcIIR8tihIJMWITpKgfaGBo0wtYVwLeyvlQ6YZR5tXwYbgLb68TBqnFc+teLdn5erlPI48OSRH5IR45JxUyTWpkTrhJCXP5JW8OU/Oi/PufMxac858pkT+wPn8AcxqlX8=</latexit><latexit sha1_base64="OBuFPtsQWSmFA4HWTguFrfUAo1o=">AAAB/HicbVDLSgNBEJyNrxhf0Ry9DAbBU9gVQY9BL96MYB6QxDA76U2GzOwuM73issRf8eJBEa9+iDf/xsnjoIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEc6jzSEa65TMDUoRQR4ESWrEGpnwJTX90NfGbD6CNiMI7TGPoKjYIRSA4Qyv1iqUOwiNqld2M77NOrIWCca9YdivuFHSZeHNSJnPUesWvTj/iiYIQuWTGtD03xm7GNAouYVzoJAZixkdsAG1LQ6bAdLPp8WN6bJU+DSJtK0Q6VX9PZEwZkyrfdiqGQ7PoTcT/vHaCwUU3E2GcIIR8tihIJMWITpKgfaGBo0wtYVwLeyvlQ6YZR5tXwYbgLb68TBqnFc+teLdn5erlPI48OSRH5IR45JxUyTWpkTrhJCXP5JW8OU/Oi/PufMxac858pkT+wPn8AcxqlX8=</latexit><latexit sha1_base64="OBuFPtsQWSmFA4HWTguFrfUAo1o=">AAAB/HicbVDLSgNBEJyNrxhf0Ry9DAbBU9gVQY9BL96MYB6QxDA76U2GzOwuM73issRf8eJBEa9+iDf/xsnjoIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEc6jzSEa65TMDUoRQR4ESWrEGpnwJTX90NfGbD6CNiMI7TGPoKjYIRSA4Qyv1iqUOwiNqld2M77NOrIWCca9YdivuFHSZeHNSJnPUesWvTj/iiYIQuWTGtD03xm7GNAouYVzoJAZixkdsAG1LQ6bAdLPp8WN6bJU+DSJtK0Q6VX9PZEwZkyrfdiqGQ7PoTcT/vHaCwUU3E2GcIIR8tihIJMWITpKgfaGBo0wtYVwLeyvlQ6YZR5tXwYbgLb68TBqnFc+teLdn5erlPI48OSRH5IR45JxUyTWpkTrhJCXP5JW8OU/Oi/PufMxac858pkT+wPn8AcxqlX8=</latexit>

x

0
<latexit sha1_base64="9511IaG5eUx9iWCMERc8SOuZcYg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbWDbbSbt0swm7G7GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbj6g0j+WdGSfoR3QgecgZNVa6f3rIuoniEU565YpbdWcgy8TLSQVy1Hvlr24/ZmmE0jBBte54bmL8jCrDmcBJqZtqTCgb0QF2LJU0Qu1ns4sn5MQqfRLGypY0ZKb+nshopPU4CmxnRM1QL3pT8T+vk5rw0s+4TFKDks0XhakgJibT90mfK2RGjC2hTHF7K2FDqigzNqSSDcFbfHmZNM+qnlv1bs8rtas8jiIcwTGcggcXUIMbqEMDGEh4hld4c7Tz4rw7H/PWgpPPHMIfOJ8/C9iRJQ==</latexit><latexit sha1_base64="9511IaG5eUx9iWCMERc8SOuZcYg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbWDbbSbt0swm7G7GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbj6g0j+WdGSfoR3QgecgZNVa6f3rIuoniEU565YpbdWcgy8TLSQVy1Hvlr24/ZmmE0jBBte54bmL8jCrDmcBJqZtqTCgb0QF2LJU0Qu1ns4sn5MQqfRLGypY0ZKb+nshopPU4CmxnRM1QL3pT8T+vk5rw0s+4TFKDks0XhakgJibT90mfK2RGjC2hTHF7K2FDqigzNqSSDcFbfHmZNM+qnlv1bs8rtas8jiIcwTGcggcXUIMbqEMDGEh4hld4c7Tz4rw7H/PWgpPPHMIfOJ8/C9iRJQ==</latexit><latexit sha1_base64="9511IaG5eUx9iWCMERc8SOuZcYg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbWDbbSbt0swm7G7GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbj6g0j+WdGSfoR3QgecgZNVa6f3rIuoniEU565YpbdWcgy8TLSQVy1Hvlr24/ZmmE0jBBte54bmL8jCrDmcBJqZtqTCgb0QF2LJU0Qu1ns4sn5MQqfRLGypY0ZKb+nshopPU4CmxnRM1QL3pT8T+vk5rw0s+4TFKDks0XhakgJibT90mfK2RGjC2hTHF7K2FDqigzNqSSDcFbfHmZNM+qnlv1bs8rtas8jiIcwTGcggcXUIMbqEMDGEh4hld4c7Tz4rw7H/PWgpPPHMIfOJ8/C9iRJQ==</latexit><latexit sha1_base64="9511IaG5eUx9iWCMERc8SOuZcYg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbWDbbSbt0swm7G7GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbj6g0j+WdGSfoR3QgecgZNVa6f3rIuoniEU565YpbdWcgy8TLSQVy1Hvlr24/ZmmE0jBBte54bmL8jCrDmcBJqZtqTCgb0QF2LJU0Qu1ns4sn5MQqfRLGypY0ZKb+nshopPU4CmxnRM1QL3pT8T+vk5rw0s+4TFKDks0XhakgJibT90mfK2RGjC2hTHF7K2FDqigzNqSSDcFbfHmZNM+qnlv1bs8rtas8jiIcwTGcggcXUIMbqEMDGEh4hld4c7Tz4rw7H/PWgpPPHMIfOJ8/C9iRJQ==</latexit>

y0
<latexit sha1_base64="Z4R1z7hjewijLHxi1qsKOPSZXo8=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxgP7CNZbOdtEt3N2F3I4TQf+HFgyJe/Tfe/Ddu2xy09cHA470ZZuaFCWfaeN63s7K6tr6xWdoqb+/s7u1XDg5bOk4VxSaNeaw6IdHImcSmYYZjJ1FIRMixHY5vpn77CZVmsbw3WYKBIEPJIkaJsdJD9pj3EsUETvqVqlfzZnCXiV+QKhRo9CtfvUFMU4HSUE607vpeYoKcKMMox0m5l2pMCB2TIXYtlUSgDvLZxRP31CoDN4qVLWncmfp7IidC60yEtlMQM9KL3lT8z+umJroKciaT1KCk80VRyl0Tu9P33QFTSA3PLCFUMXurS0dEEWpsSGUbgr/48jJpndd8r+bfXVTr10UcJTiGEzgDHy6hDrfQgCZQkPAMr/DmaOfFeXc+5q0rTjFzBH/gfP4ADWWRJg==</latexit><latexit sha1_base64="Z4R1z7hjewijLHxi1qsKOPSZXo8=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxgP7CNZbOdtEt3N2F3I4TQf+HFgyJe/Tfe/Ddu2xy09cHA470ZZuaFCWfaeN63s7K6tr6xWdoqb+/s7u1XDg5bOk4VxSaNeaw6IdHImcSmYYZjJ1FIRMixHY5vpn77CZVmsbw3WYKBIEPJIkaJsdJD9pj3EsUETvqVqlfzZnCXiV+QKhRo9CtfvUFMU4HSUE607vpeYoKcKMMox0m5l2pMCB2TIXYtlUSgDvLZxRP31CoDN4qVLWncmfp7IidC60yEtlMQM9KL3lT8z+umJroKciaT1KCk80VRyl0Tu9P33QFTSA3PLCFUMXurS0dEEWpsSGUbgr/48jJpndd8r+bfXVTr10UcJTiGEzgDHy6hDrfQgCZQkPAMr/DmaOfFeXc+5q0rTjFzBH/gfP4ADWWRJg==</latexit><latexit sha1_base64="Z4R1z7hjewijLHxi1qsKOPSZXo8=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxgP7CNZbOdtEt3N2F3I4TQf+HFgyJe/Tfe/Ddu2xy09cHA470ZZuaFCWfaeN63s7K6tr6xWdoqb+/s7u1XDg5bOk4VxSaNeaw6IdHImcSmYYZjJ1FIRMixHY5vpn77CZVmsbw3WYKBIEPJIkaJsdJD9pj3EsUETvqVqlfzZnCXiV+QKhRo9CtfvUFMU4HSUE607vpeYoKcKMMox0m5l2pMCB2TIXYtlUSgDvLZxRP31CoDN4qVLWncmfp7IidC60yEtlMQM9KL3lT8z+umJroKciaT1KCk80VRyl0Tu9P33QFTSA3PLCFUMXurS0dEEWpsSGUbgr/48jJpndd8r+bfXVTr10UcJTiGEzgDHy6hDrfQgCZQkPAMr/DmaOfFeXc+5q0rTjFzBH/gfP4ADWWRJg==</latexit><latexit sha1_base64="Z4R1z7hjewijLHxi1qsKOPSZXo8=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxgP7CNZbOdtEt3N2F3I4TQf+HFgyJe/Tfe/Ddu2xy09cHA470ZZuaFCWfaeN63s7K6tr6xWdoqb+/s7u1XDg5bOk4VxSaNeaw6IdHImcSmYYZjJ1FIRMixHY5vpn77CZVmsbw3WYKBIEPJIkaJsdJD9pj3EsUETvqVqlfzZnCXiV+QKhRo9CtfvUFMU4HSUE607vpeYoKcKMMox0m5l2pMCB2TIXYtlUSgDvLZxRP31CoDN4qVLWncmfp7IidC60yEtlMQM9KL3lT8z+umJroKciaT1KCk80VRyl0Tu9P33QFTSA3PLCFUMXurS0dEEWpsSGUbgr/48jJpndd8r+bfXVTr10UcJTiGEzgDHy6hDrfQgCZQkPAMr/DmaOfFeXc+5q0rTjFzBH/gfP4ADWWRJg==</latexit>

x

<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit>

y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>

O
<latexit sha1_base64="1qAUiPobpYiVdtKNLHMgLgPW9h4=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxZsV7Ae2oWy2m3bp7ibsTsQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8MBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNHGqKWvQWMS6HRLDBFesgRwFayeaERkK1gpH11O/9ci04bG6x3HCAkkGikecErTSQxfZE2qZ3U565YpX9WZwl4mfkwrkqPfKX91+TFPJFFJBjOn4XoJBRjRyKtik1E0NSwgdkQHrWKqIZCbIZhdP3BOr9N0o1rYUujP190RGpDFjGdpOSXBoFr2p+J/XSTG6DDKukhSZovNFUSpcjN3p+26fa0ZRjC0hVHN7q0uHRBOKNqSSDcFffHmZNM+qvlf1784rtas8jiIcwTGcgg8XUIMbqEMDKCh4hld4c4zz4rw7H/PWgpPPHMIfOJ8/C8CRJQ==</latexit><latexit sha1_base64="1qAUiPobpYiVdtKNLHMgLgPW9h4=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxZsV7Ae2oWy2m3bp7ibsTsQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8MBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNHGqKWvQWMS6HRLDBFesgRwFayeaERkK1gpH11O/9ci04bG6x3HCAkkGikecErTSQxfZE2qZ3U565YpX9WZwl4mfkwrkqPfKX91+TFPJFFJBjOn4XoJBRjRyKtik1E0NSwgdkQHrWKqIZCbIZhdP3BOr9N0o1rYUujP190RGpDFjGdpOSXBoFr2p+J/XSTG6DDKukhSZovNFUSpcjN3p+26fa0ZRjC0hVHN7q0uHRBOKNqSSDcFffHmZNM+qvlf1784rtas8jiIcwTGcgg8XUIMbqEMDKCh4hld4c4zz4rw7H/PWgpPPHMIfOJ8/C8CRJQ==</latexit><latexit sha1_base64="1qAUiPobpYiVdtKNLHMgLgPW9h4=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxZsV7Ae2oWy2m3bp7ibsTsQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8MBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNHGqKWvQWMS6HRLDBFesgRwFayeaERkK1gpH11O/9ci04bG6x3HCAkkGikecErTSQxfZE2qZ3U565YpX9WZwl4mfkwrkqPfKX91+TFPJFFJBjOn4XoJBRjRyKtik1E0NSwgdkQHrWKqIZCbIZhdP3BOr9N0o1rYUujP190RGpDFjGdpOSXBoFr2p+J/XSTG6DDKukhSZovNFUSpcjN3p+26fa0ZRjC0hVHN7q0uHRBOKNqSSDcFffHmZNM+qvlf1784rtas8jiIcwTGcgg8XUIMbqEMDKCh4hld4c4zz4rw7H/PWgpPPHMIfOJ8/C8CRJQ==</latexit><latexit sha1_base64="1qAUiPobpYiVdtKNLHMgLgPW9h4=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxZsV7Ae2oWy2m3bp7ibsTsQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8MBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNHGqKWvQWMS6HRLDBFesgRwFayeaERkK1gpH11O/9ci04bG6x3HCAkkGikecErTSQxfZE2qZ3U565YpX9WZwl4mfkwrkqPfKX91+TFPJFFJBjOn4XoJBRjRyKtik1E0NSwgdkQHrWKqIZCbIZhdP3BOr9N0o1rYUujP190RGpDFjGdpOSXBoFr2p+J/XSTG6DDKukhSZovNFUSpcjN3p+26fa0ZRjC0hVHN7q0uHRBOKNqSSDcFffHmZNM+qvlf1784rtas8jiIcwTGcgg8XUIMbqEMDKCh4hld4c4zz4rw7H/PWgpPPHMIfOJ8/C8CRJQ==</latexit>

�V
<latexit sha1_base64="Q2akqSc8dZwCMLUbL5V1+tDel8c=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBjSURQZdFNy4r2Ae0oUymk3bozCTM3Ig1BH/FjQtF3Pof7vwbp2kW2nrgcg/n3MvcOUHMmQbX/bZKS8srq2vl9crG5tb2jr2719JRoghtkohHqhNgTTmTtAkMOO3EimIRcNoOxtdTv31PlWaRvINJTH2Bh5KFjGAwUt8+OO0BfYAgTPOuRNrKsr5ddWtuDmeReAWpogKNvv3VG0QkEVQC4VjrrufG4KdYASOcZpVeommMyRgPaddQiQXVfppfnznHRhk4YaRMSXBy9fdGioXWExGYSYFhpOe9qfif100gvPRTJuMEqCSzh8KEOxA50yicAVOUAJ8Ygoli5laHjLDCBExgFROCN//lRdI6q3luzbs9r9avijjK6BAdoRPkoQtURzeogZqIoEf0jF7Rm/VkvVjv1sdstGQVO/voD6zPH17llc8=</latexit><latexit sha1_base64="Q2akqSc8dZwCMLUbL5V1+tDel8c=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBjSURQZdFNy4r2Ae0oUymk3bozCTM3Ig1BH/FjQtF3Pof7vwbp2kW2nrgcg/n3MvcOUHMmQbX/bZKS8srq2vl9crG5tb2jr2719JRoghtkohHqhNgTTmTtAkMOO3EimIRcNoOxtdTv31PlWaRvINJTH2Bh5KFjGAwUt8+OO0BfYAgTPOuRNrKsr5ddWtuDmeReAWpogKNvv3VG0QkEVQC4VjrrufG4KdYASOcZpVeommMyRgPaddQiQXVfppfnznHRhk4YaRMSXBy9fdGioXWExGYSYFhpOe9qfif100gvPRTJuMEqCSzh8KEOxA50yicAVOUAJ8Ygoli5laHjLDCBExgFROCN//lRdI6q3luzbs9r9avijjK6BAdoRPkoQtURzeogZqIoEf0jF7Rm/VkvVjv1sdstGQVO/voD6zPH17llc8=</latexit><latexit sha1_base64="Q2akqSc8dZwCMLUbL5V1+tDel8c=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBjSURQZdFNy4r2Ae0oUymk3bozCTM3Ig1BH/FjQtF3Pof7vwbp2kW2nrgcg/n3MvcOUHMmQbX/bZKS8srq2vl9crG5tb2jr2719JRoghtkohHqhNgTTmTtAkMOO3EimIRcNoOxtdTv31PlWaRvINJTH2Bh5KFjGAwUt8+OO0BfYAgTPOuRNrKsr5ddWtuDmeReAWpogKNvv3VG0QkEVQC4VjrrufG4KdYASOcZpVeommMyRgPaddQiQXVfppfnznHRhk4YaRMSXBy9fdGioXWExGYSYFhpOe9qfif100gvPRTJuMEqCSzh8KEOxA50yicAVOUAJ8Ygoli5laHjLDCBExgFROCN//lRdI6q3luzbs9r9avijjK6BAdoRPkoQtURzeogZqIoEf0jF7Rm/VkvVjv1sdstGQVO/voD6zPH17llc8=</latexit><latexit sha1_base64="Q2akqSc8dZwCMLUbL5V1+tDel8c=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBjSURQZdFNy4r2Ae0oUymk3bozCTM3Ig1BH/FjQtF3Pof7vwbp2kW2nrgcg/n3MvcOUHMmQbX/bZKS8srq2vl9crG5tb2jr2719JRoghtkohHqhNgTTmTtAkMOO3EimIRcNoOxtdTv31PlWaRvINJTH2Bh5KFjGAwUt8+OO0BfYAgTPOuRNrKsr5ddWtuDmeReAWpogKNvv3VG0QkEVQC4VjrrufG4KdYASOcZpVeommMyRgPaddQiQXVfppfnznHRhk4YaRMSXBy9fdGioXWExGYSYFhpOe9qfif100gvPRTJuMEqCSzh8KEOxA50yicAVOUAJ8Ygoli5laHjLDCBExgFROCN//lRdI6q3luzbs9r9avijjK6BAdoRPkoQtURzeogZqIoEf0jF7Rm/VkvVjv1sdstGQVO/voD6zPH17llc8=</latexit>

A relatividade das distâncias

(Estação) (Trem)

Considere novamente dois observadores, um em 
um trem em movimento e um segundo em uma 
estação por onde passa o trem. 
Note que podemos inverter o problema e 
pensarmos no observador na estação de movendo 
com velocidade contrária do ponto de vista do 
observador no trem. 
Vamos medir o comprimento de um objeto, por 
exemplo aquele da própria plataforma por onde 
passa o trem. 
O observador em repouso na estação mede o 
comprimento próprio da plataforma L0, percorrido 
pelo trem em um intervalo de tempo:  
(Note que este intervalo de tempo corresponde a 
dois eventos que ocorrem distantes entre si) 
Um observador no trem mede o comprimento a 
partir de dois eventos que ocorrem na mesma 
posição neste referencial (é um intervalo de tempo 
próprio): 

x

<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit>

y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>

O
<latexit sha1_base64="1qAUiPobpYiVdtKNLHMgLgPW9h4=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxZsV7Ae2oWy2m3bp7ibsTsQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8MBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNHGqKWvQWMS6HRLDBFesgRwFayeaERkK1gpH11O/9ci04bG6x3HCAkkGikecErTSQxfZE2qZ3U565YpX9WZwl4mfkwrkqPfKX91+TFPJFFJBjOn4XoJBRjRyKtik1E0NSwgdkQHrWKqIZCbIZhdP3BOr9N0o1rYUujP190RGpDFjGdpOSXBoFr2p+J/XSTG6DDKukhSZovNFUSpcjN3p+26fa0ZRjC0hVHN7q0uHRBOKNqSSDcFffHmZNM+qvlf1784rtas8jiIcwTGcgg8XUIMbqEMDKCh4hld4c4zz4rw7H/PWgpPPHMIfOJ8/C8CRJQ==</latexit><latexit sha1_base64="1qAUiPobpYiVdtKNLHMgLgPW9h4=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxZsV7Ae2oWy2m3bp7ibsTsQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8MBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNHGqKWvQWMS6HRLDBFesgRwFayeaERkK1gpH11O/9ci04bG6x3HCAkkGikecErTSQxfZE2qZ3U565YpX9WZwl4mfkwrkqPfKX91+TFPJFFJBjOn4XoJBRjRyKtik1E0NSwgdkQHrWKqIZCbIZhdP3BOr9N0o1rYUujP190RGpDFjGdpOSXBoFr2p+J/XSTG6DDKukhSZovNFUSpcjN3p+26fa0ZRjC0hVHN7q0uHRBOKNqSSDcFffHmZNM+qvlf1784rtas8jiIcwTGcgg8XUIMbqEMDKCh4hld4c4zz4rw7H/PWgpPPHMIfOJ8/C8CRJQ==</latexit><latexit sha1_base64="1qAUiPobpYiVdtKNLHMgLgPW9h4=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxZsV7Ae2oWy2m3bp7ibsTsQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8MBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNHGqKWvQWMS6HRLDBFesgRwFayeaERkK1gpH11O/9ci04bG6x3HCAkkGikecErTSQxfZE2qZ3U565YpX9WZwl4mfkwrkqPfKX91+TFPJFFJBjOn4XoJBRjRyKtik1E0NSwgdkQHrWKqIZCbIZhdP3BOr9N0o1rYUujP190RGpDFjGdpOSXBoFr2p+J/XSTG6DDKukhSZovNFUSpcjN3p+26fa0ZRjC0hVHN7q0uHRBOKNqSSDcFffHmZNM+qvlf1784rtas8jiIcwTGcgg8XUIMbqEMDKCh4hld4c4zz4rw7H/PWgpPPHMIfOJ8/C8CRJQ==</latexit><latexit sha1_base64="1qAUiPobpYiVdtKNLHMgLgPW9h4=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxZsV7Ae2oWy2m3bp7ibsTsQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8MBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNHGqKWvQWMS6HRLDBFesgRwFayeaERkK1gpH11O/9ci04bG6x3HCAkkGikecErTSQxfZE2qZ3U565YpX9WZwl4mfkwrkqPfKX91+TFPJFFJBjOn4XoJBRjRyKtik1E0NSwgdkQHrWKqIZCbIZhdP3BOr9N0o1rYUujP190RGpDFjGdpOSXBoFr2p+J/XSTG6DDKukhSZovNFUSpcjN3p+26fa0ZRjC0hVHN7q0uHRBOKNqSSDcFffHmZNM+qvlf1784rtas8jiIcwTGcgg8XUIMbqEMDKCh4hld4c4zz4rw7H/PWgpPPHMIfOJ8/C8CRJQ==</latexit> O0

<latexit sha1_base64="OBuFPtsQWSmFA4HWTguFrfUAo1o=">AAAB/HicbVDLSgNBEJyNrxhf0Ry9DAbBU9gVQY9BL96MYB6QxDA76U2GzOwuM73issRf8eJBEa9+iDf/xsnjoIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEc6jzSEa65TMDUoRQR4ESWrEGpnwJTX90NfGbD6CNiMI7TGPoKjYIRSA4Qyv1iqUOwiNqld2M77NOrIWCca9YdivuFHSZeHNSJnPUesWvTj/iiYIQuWTGtD03xm7GNAouYVzoJAZixkdsAG1LQ6bAdLPp8WN6bJU+DSJtK0Q6VX9PZEwZkyrfdiqGQ7PoTcT/vHaCwUU3E2GcIIR8tihIJMWITpKgfaGBo0wtYVwLeyvlQ6YZR5tXwYbgLb68TBqnFc+teLdn5erlPI48OSRH5IR45JxUyTWpkTrhJCXP5JW8OU/Oi/PufMxac858pkT+wPn8AcxqlX8=</latexit><latexit sha1_base64="OBuFPtsQWSmFA4HWTguFrfUAo1o=">AAAB/HicbVDLSgNBEJyNrxhf0Ry9DAbBU9gVQY9BL96MYB6QxDA76U2GzOwuM73issRf8eJBEa9+iDf/xsnjoIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEc6jzSEa65TMDUoRQR4ESWrEGpnwJTX90NfGbD6CNiMI7TGPoKjYIRSA4Qyv1iqUOwiNqld2M77NOrIWCca9YdivuFHSZeHNSJnPUesWvTj/iiYIQuWTGtD03xm7GNAouYVzoJAZixkdsAG1LQ6bAdLPp8WN6bJU+DSJtK0Q6VX9PZEwZkyrfdiqGQ7PoTcT/vHaCwUU3E2GcIIR8tihIJMWITpKgfaGBo0wtYVwLeyvlQ6YZR5tXwYbgLb68TBqnFc+teLdn5erlPI48OSRH5IR45JxUyTWpkTrhJCXP5JW8OU/Oi/PufMxac858pkT+wPn8AcxqlX8=</latexit><latexit sha1_base64="OBuFPtsQWSmFA4HWTguFrfUAo1o=">AAAB/HicbVDLSgNBEJyNrxhf0Ry9DAbBU9gVQY9BL96MYB6QxDA76U2GzOwuM73issRf8eJBEa9+iDf/xsnjoIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEc6jzSEa65TMDUoRQR4ESWrEGpnwJTX90NfGbD6CNiMI7TGPoKjYIRSA4Qyv1iqUOwiNqld2M77NOrIWCca9YdivuFHSZeHNSJnPUesWvTj/iiYIQuWTGtD03xm7GNAouYVzoJAZixkdsAG1LQ6bAdLPp8WN6bJU+DSJtK0Q6VX9PZEwZkyrfdiqGQ7PoTcT/vHaCwUU3E2GcIIR8tihIJMWITpKgfaGBo0wtYVwLeyvlQ6YZR5tXwYbgLb68TBqnFc+teLdn5erlPI48OSRH5IR45JxUyTWpkTrhJCXP5JW8OU/Oi/PufMxac858pkT+wPn8AcxqlX8=</latexit><latexit sha1_base64="OBuFPtsQWSmFA4HWTguFrfUAo1o=">AAAB/HicbVDLSgNBEJyNrxhf0Ry9DAbBU9gVQY9BL96MYB6QxDA76U2GzOwuM73issRf8eJBEa9+iDf/xsnjoIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEc6jzSEa65TMDUoRQR4ESWrEGpnwJTX90NfGbD6CNiMI7TGPoKjYIRSA4Qyv1iqUOwiNqld2M77NOrIWCca9YdivuFHSZeHNSJnPUesWvTj/iiYIQuWTGtD03xm7GNAouYVzoJAZixkdsAG1LQ6bAdLPp8WN6bJU+DSJtK0Q6VX9PZEwZkyrfdiqGQ7PoTcT/vHaCwUU3E2GcIIR8tihIJMWITpKgfaGBo0wtYVwLeyvlQ6YZR5tXwYbgLb68TBqnFc+teLdn5erlPI48OSRH5IR45JxUyTWpkTrhJCXP5JW8OU/Oi/PufMxac858pkT+wPn8AcxqlX8=</latexit>

x

0
<latexit sha1_base64="9511IaG5eUx9iWCMERc8SOuZcYg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbWDbbSbt0swm7G7GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbj6g0j+WdGSfoR3QgecgZNVa6f3rIuoniEU565YpbdWcgy8TLSQVy1Hvlr24/ZmmE0jBBte54bmL8jCrDmcBJqZtqTCgb0QF2LJU0Qu1ns4sn5MQqfRLGypY0ZKb+nshopPU4CmxnRM1QL3pT8T+vk5rw0s+4TFKDks0XhakgJibT90mfK2RGjC2hTHF7K2FDqigzNqSSDcFbfHmZNM+qnlv1bs8rtas8jiIcwTGcggcXUIMbqEMDGEh4hld4c7Tz4rw7H/PWgpPPHMIfOJ8/C9iRJQ==</latexit><latexit sha1_base64="9511IaG5eUx9iWCMERc8SOuZcYg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbWDbbSbt0swm7G7GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbj6g0j+WdGSfoR3QgecgZNVa6f3rIuoniEU565YpbdWcgy8TLSQVy1Hvlr24/ZmmE0jBBte54bmL8jCrDmcBJqZtqTCgb0QF2LJU0Qu1ns4sn5MQqfRLGypY0ZKb+nshopPU4CmxnRM1QL3pT8T+vk5rw0s+4TFKDks0XhakgJibT90mfK2RGjC2hTHF7K2FDqigzNqSSDcFbfHmZNM+qnlv1bs8rtas8jiIcwTGcggcXUIMbqEMDGEh4hld4c7Tz4rw7H/PWgpPPHMIfOJ8/C9iRJQ==</latexit><latexit sha1_base64="9511IaG5eUx9iWCMERc8SOuZcYg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbWDbbSbt0swm7G7GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbj6g0j+WdGSfoR3QgecgZNVa6f3rIuoniEU565YpbdWcgy8TLSQVy1Hvlr24/ZmmE0jBBte54bmL8jCrDmcBJqZtqTCgb0QF2LJU0Qu1ns4sn5MQqfRLGypY0ZKb+nshopPU4CmxnRM1QL3pT8T+vk5rw0s+4TFKDks0XhakgJibT90mfK2RGjC2hTHF7K2FDqigzNqSSDcFbfHmZNM+qnlv1bs8rtas8jiIcwTGcggcXUIMbqEMDGEh4hld4c7Tz4rw7H/PWgpPPHMIfOJ8/C9iRJQ==</latexit><latexit sha1_base64="9511IaG5eUx9iWCMERc8SOuZcYg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbWDbbSbt0swm7G7GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbj6g0j+WdGSfoR3QgecgZNVa6f3rIuoniEU565YpbdWcgy8TLSQVy1Hvlr24/ZmmE0jBBte54bmL8jCrDmcBJqZtqTCgb0QF2LJU0Qu1ns4sn5MQqfRLGypY0ZKb+nshopPU4CmxnRM1QL3pT8T+vk5rw0s+4TFKDks0XhakgJibT90mfK2RGjC2hTHF7K2FDqigzNqSSDcFbfHmZNM+qnlv1bs8rtas8jiIcwTGcggcXUIMbqEMDGEh4hld4c7Tz4rw7H/PWgpPPHMIfOJ8/C9iRJQ==</latexit>

y0
<latexit sha1_base64="Z4R1z7hjewijLHxi1qsKOPSZXo8=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxgP7CNZbOdtEt3N2F3I4TQf+HFgyJe/Tfe/Ddu2xy09cHA470ZZuaFCWfaeN63s7K6tr6xWdoqb+/s7u1XDg5bOk4VxSaNeaw6IdHImcSmYYZjJ1FIRMixHY5vpn77CZVmsbw3WYKBIEPJIkaJsdJD9pj3EsUETvqVqlfzZnCXiV+QKhRo9CtfvUFMU4HSUE607vpeYoKcKMMox0m5l2pMCB2TIXYtlUSgDvLZxRP31CoDN4qVLWncmfp7IidC60yEtlMQM9KL3lT8z+umJroKciaT1KCk80VRyl0Tu9P33QFTSA3PLCFUMXurS0dEEWpsSGUbgr/48jJpndd8r+bfXVTr10UcJTiGEzgDHy6hDrfQgCZQkPAMr/DmaOfFeXc+5q0rTjFzBH/gfP4ADWWRJg==</latexit><latexit sha1_base64="Z4R1z7hjewijLHxi1qsKOPSZXo8=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxgP7CNZbOdtEt3N2F3I4TQf+HFgyJe/Tfe/Ddu2xy09cHA470ZZuaFCWfaeN63s7K6tr6xWdoqb+/s7u1XDg5bOk4VxSaNeaw6IdHImcSmYYZjJ1FIRMixHY5vpn77CZVmsbw3WYKBIEPJIkaJsdJD9pj3EsUETvqVqlfzZnCXiV+QKhRo9CtfvUFMU4HSUE607vpeYoKcKMMox0m5l2pMCB2TIXYtlUSgDvLZxRP31CoDN4qVLWncmfp7IidC60yEtlMQM9KL3lT8z+umJroKciaT1KCk80VRyl0Tu9P33QFTSA3PLCFUMXurS0dEEWpsSGUbgr/48jJpndd8r+bfXVTr10UcJTiGEzgDHy6hDrfQgCZQkPAMr/DmaOfFeXc+5q0rTjFzBH/gfP4ADWWRJg==</latexit><latexit sha1_base64="Z4R1z7hjewijLHxi1qsKOPSZXo8=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxgP7CNZbOdtEt3N2F3I4TQf+HFgyJe/Tfe/Ddu2xy09cHA470ZZuaFCWfaeN63s7K6tr6xWdoqb+/s7u1XDg5bOk4VxSaNeaw6IdHImcSmYYZjJ1FIRMixHY5vpn77CZVmsbw3WYKBIEPJIkaJsdJD9pj3EsUETvqVqlfzZnCXiV+QKhRo9CtfvUFMU4HSUE607vpeYoKcKMMox0m5l2pMCB2TIXYtlUSgDvLZxRP31CoDN4qVLWncmfp7IidC60yEtlMQM9KL3lT8z+umJroKciaT1KCk80VRyl0Tu9P33QFTSA3PLCFUMXurS0dEEWpsSGUbgr/48jJpndd8r+bfXVTr10UcJTiGEzgDHy6hDrfQgCZQkPAMr/DmaOfFeXc+5q0rTjFzBH/gfP4ADWWRJg==</latexit><latexit sha1_base64="Z4R1z7hjewijLHxi1qsKOPSZXo8=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxgP7CNZbOdtEt3N2F3I4TQf+HFgyJe/Tfe/Ddu2xy09cHA470ZZuaFCWfaeN63s7K6tr6xWdoqb+/s7u1XDg5bOk4VxSaNeaw6IdHImcSmYYZjJ1FIRMixHY5vpn77CZVmsbw3WYKBIEPJIkaJsdJD9pj3EsUETvqVqlfzZnCXiV+QKhRo9CtfvUFMU4HSUE607vpeYoKcKMMox0m5l2pMCB2TIXYtlUSgDvLZxRP31CoDN4qVLWncmfp7IidC60yEtlMQM9KL3lT8z+umJroKciaT1KCk80VRyl0Tu9P33QFTSA3PLCFUMXurS0dEEWpsSGUbgr/48jJpndd8r+bfXVTr10UcJTiGEzgDHy6hDrfQgCZQkPAMr/DmaOfFeXc+5q0rTjFzBH/gfP4ADWWRJg==</latexit>

V
<latexit sha1_base64="l4Mk7pm8hwZ1hj/1VXfmjzty3C8=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6LLoxmUF+4A2lMl00g6dScLMjRhC/BU3LhRx64e482+cpllo64HLPZxzL3Pn+LHgGhzn26qsrW9sblW3azu7e/sH9uFRV0eJoqxDIxGpvk80EzxkHeAgWD9WjEhfsJ4/u5n7vQemNI/Ce0hj5kkyCXnAKQEjjez6ENgj+EFWdCWzbp6P7IbTdArgVeKWpIFKtEf213Ac0USyEKggWg9cJwYvIwo4FSyvDRPNYkJnZMIGhoZEMu1lxfE5PjXKGAeRMhUCLtTfGxmRWqfSN5OSwFQve3PxP2+QQHDlZTyME2AhXTwUJAJDhOdJ4DFXjIJIDSFUcXMrplOiCAWTV82E4C5/eZV0z5uu03TvLhqt6zKOKjpGJ+gMuegStdAtaqMOoihFz+gVvVlP1ov1bn0sRitWuVNHf2B9/gDyJJWY</latexit><latexit sha1_base64="l4Mk7pm8hwZ1hj/1VXfmjzty3C8=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6LLoxmUF+4A2lMl00g6dScLMjRhC/BU3LhRx64e482+cpllo64HLPZxzL3Pn+LHgGhzn26qsrW9sblW3azu7e/sH9uFRV0eJoqxDIxGpvk80EzxkHeAgWD9WjEhfsJ4/u5n7vQemNI/Ce0hj5kkyCXnAKQEjjez6ENgj+EFWdCWzbp6P7IbTdArgVeKWpIFKtEf213Ac0USyEKggWg9cJwYvIwo4FSyvDRPNYkJnZMIGhoZEMu1lxfE5PjXKGAeRMhUCLtTfGxmRWqfSN5OSwFQve3PxP2+QQHDlZTyME2AhXTwUJAJDhOdJ4DFXjIJIDSFUcXMrplOiCAWTV82E4C5/eZV0z5uu03TvLhqt6zKOKjpGJ+gMuegStdAtaqMOoihFz+gVvVlP1ov1bn0sRitWuVNHf2B9/gDyJJWY</latexit><latexit sha1_base64="l4Mk7pm8hwZ1hj/1VXfmjzty3C8=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6LLoxmUF+4A2lMl00g6dScLMjRhC/BU3LhRx64e482+cpllo64HLPZxzL3Pn+LHgGhzn26qsrW9sblW3azu7e/sH9uFRV0eJoqxDIxGpvk80EzxkHeAgWD9WjEhfsJ4/u5n7vQemNI/Ce0hj5kkyCXnAKQEjjez6ENgj+EFWdCWzbp6P7IbTdArgVeKWpIFKtEf213Ac0USyEKggWg9cJwYvIwo4FSyvDRPNYkJnZMIGhoZEMu1lxfE5PjXKGAeRMhUCLtTfGxmRWqfSN5OSwFQve3PxP2+QQHDlZTyME2AhXTwUJAJDhOdJ4DFXjIJIDSFUcXMrplOiCAWTV82E4C5/eZV0z5uu03TvLhqt6zKOKjpGJ+gMuegStdAtaqMOoihFz+gVvVlP1ov1bn0sRitWuVNHf2B9/gDyJJWY</latexit><latexit sha1_base64="l4Mk7pm8hwZ1hj/1VXfmjzty3C8=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6LLoxmUF+4A2lMl00g6dScLMjRhC/BU3LhRx64e482+cpllo64HLPZxzL3Pn+LHgGhzn26qsrW9sblW3azu7e/sH9uFRV0eJoqxDIxGpvk80EzxkHeAgWD9WjEhfsJ4/u5n7vQemNI/Ce0hj5kkyCXnAKQEjjez6ENgj+EFWdCWzbp6P7IbTdArgVeKWpIFKtEf213Ac0USyEKggWg9cJwYvIwo4FSyvDRPNYkJnZMIGhoZEMu1lxfE5PjXKGAeRMhUCLtTfGxmRWqfSN5OSwFQve3PxP2+QQHDlZTyME2AhXTwUJAJDhOdJ4DFXjIJIDSFUcXMrplOiCAWTV82E4C5/eZV0z5uu03TvLhqt6zKOKjpGJ+gMuegStdAtaqMOoihFz+gVvVlP1ov1bn0sRitWuVNHf2B9/gDyJJWY</latexit>

(Estação) (Trem)

(S) (S’)

�t = L0/V
<latexit sha1_base64="pjVIUt5T3Ae5aDdpcEM5dJD0NjU=">AAACBHicbVA9SwNBEN2LXzF+nVqmWQyCVbwTQRshqIWFRQTzAbkQ9jaTZMneB7tzYjhS2PhXbCwUsfVH2Plv3CRXaPTBwOO9GWbm+bEUGh3ny8otLC4tr+RXC2vrG5tb9vZOXUeJ4lDjkYxU02capAihhgIlNGMFLPAlNPzhxcRv3IHSIgpvcRRDO2D9UPQEZ2ikjl30LkEio0jP6HXHoYfUQ7hHFaT1cccuOWVnCvqXuBkpkQzVjv3pdSOeBBAil0zrluvE2E6ZQsEljAteoiFmfMj60DI0ZAHodjp9Ykz3jdKlvUiZCpFO1Z8TKQu0HgW+6QwYDvS8NxH/81oJ9k7bqQjjBCHks0W9RFKM6CQR2hUKOMqRIYwrYW6lfMAU42hyK5gQ3PmX/5L6Udl1yu7NcalynsWRJ0WyRw6IS05IhVyRKqkRTh7IE3khr9aj9Wy9We+z1pyVzeySX7A+vgFi5Zao</latexit><latexit sha1_base64="pjVIUt5T3Ae5aDdpcEM5dJD0NjU=">AAACBHicbVA9SwNBEN2LXzF+nVqmWQyCVbwTQRshqIWFRQTzAbkQ9jaTZMneB7tzYjhS2PhXbCwUsfVH2Plv3CRXaPTBwOO9GWbm+bEUGh3ny8otLC4tr+RXC2vrG5tb9vZOXUeJ4lDjkYxU02capAihhgIlNGMFLPAlNPzhxcRv3IHSIgpvcRRDO2D9UPQEZ2ikjl30LkEio0jP6HXHoYfUQ7hHFaT1cccuOWVnCvqXuBkpkQzVjv3pdSOeBBAil0zrluvE2E6ZQsEljAteoiFmfMj60DI0ZAHodjp9Ykz3jdKlvUiZCpFO1Z8TKQu0HgW+6QwYDvS8NxH/81oJ9k7bqQjjBCHks0W9RFKM6CQR2hUKOMqRIYwrYW6lfMAU42hyK5gQ3PmX/5L6Udl1yu7NcalynsWRJ0WyRw6IS05IhVyRKqkRTh7IE3khr9aj9Wy9We+z1pyVzeySX7A+vgFi5Zao</latexit><latexit sha1_base64="pjVIUt5T3Ae5aDdpcEM5dJD0NjU=">AAACBHicbVA9SwNBEN2LXzF+nVqmWQyCVbwTQRshqIWFRQTzAbkQ9jaTZMneB7tzYjhS2PhXbCwUsfVH2Plv3CRXaPTBwOO9GWbm+bEUGh3ny8otLC4tr+RXC2vrG5tb9vZOXUeJ4lDjkYxU02capAihhgIlNGMFLPAlNPzhxcRv3IHSIgpvcRRDO2D9UPQEZ2ikjl30LkEio0jP6HXHoYfUQ7hHFaT1cccuOWVnCvqXuBkpkQzVjv3pdSOeBBAil0zrluvE2E6ZQsEljAteoiFmfMj60DI0ZAHodjp9Ykz3jdKlvUiZCpFO1Z8TKQu0HgW+6QwYDvS8NxH/81oJ9k7bqQjjBCHks0W9RFKM6CQR2hUKOMqRIYwrYW6lfMAU42hyK5gQ3PmX/5L6Udl1yu7NcalynsWRJ0WyRw6IS05IhVyRKqkRTh7IE3khr9aj9Wy9We+z1pyVzeySX7A+vgFi5Zao</latexit><latexit sha1_base64="pjVIUt5T3Ae5aDdpcEM5dJD0NjU=">AAACBHicbVA9SwNBEN2LXzF+nVqmWQyCVbwTQRshqIWFRQTzAbkQ9jaTZMneB7tzYjhS2PhXbCwUsfVH2Plv3CRXaPTBwOO9GWbm+bEUGh3ny8otLC4tr+RXC2vrG5tb9vZOXUeJ4lDjkYxU02capAihhgIlNGMFLPAlNPzhxcRv3IHSIgpvcRRDO2D9UPQEZ2ikjl30LkEio0jP6HXHoYfUQ7hHFaT1cccuOWVnCvqXuBkpkQzVjv3pdSOeBBAil0zrluvE2E6ZQsEljAteoiFmfMj60DI0ZAHodjp9Ykz3jdKlvUiZCpFO1Z8TKQu0HgW+6QwYDvS8NxH/81oJ9k7bqQjjBCHks0W9RFKM6CQR2hUKOMqRIYwrYW6lfMAU42hyK5gQ3PmX/5L6Udl1yu7NcalynsWRJ0WyRw6IS05IhVyRKqkRTh7IE3khr9aj9Wy9We+z1pyVzeySX7A+vgFi5Zao</latexit>

L = V�t0
<latexit sha1_base64="u4Mhny/AjrxymA0/ikRY4A0n/X8=">AAACAnicbVA9SwNBEN2LXzF+nVqJzWIQrMKdCNoIQS0sLCKYD8iFsLeZJEv2PtidE8MRbPwrNhaK2Por7Pw3bpIrNPHBwOO9GWbm+bEUGh3n28otLC4tr+RXC2vrG5tb9vZOTUeJ4lDlkYxUw2capAihigIlNGIFLPAl1P3B5div34PSIgrvcBhDK2C9UHQFZ2iktr13Q8+ph/CAKkhrI+pdgURGse207aJTciag88TNSJFkqLTtL68T8SSAELlkWjddJ8ZWyhQKLmFU8BINMeMD1oOmoSELQLfSyQsjemiUDu1GylSIdKL+nkhZoPUw8E1nwLCvZ72x+J/XTLB71kpFGCcIIZ8u6iaSYkTHedCOUMBRDg1hXAlzK+V9phhHk1rBhODOvjxPascl1ym5tyfF8kUWR57skwNyRFxySsrkmlRIlXDySJ7JK3mznqwX6936mLbmrGxml/yB9fkDmeeWRQ==</latexit><latexit sha1_base64="u4Mhny/AjrxymA0/ikRY4A0n/X8=">AAACAnicbVA9SwNBEN2LXzF+nVqJzWIQrMKdCNoIQS0sLCKYD8iFsLeZJEv2PtidE8MRbPwrNhaK2Por7Pw3bpIrNPHBwOO9GWbm+bEUGh3n28otLC4tr+RXC2vrG5tb9vZOTUeJ4lDlkYxUw2capAihigIlNGIFLPAl1P3B5div34PSIgrvcBhDK2C9UHQFZ2iktr13Q8+ph/CAKkhrI+pdgURGse207aJTciag88TNSJFkqLTtL68T8SSAELlkWjddJ8ZWyhQKLmFU8BINMeMD1oOmoSELQLfSyQsjemiUDu1GylSIdKL+nkhZoPUw8E1nwLCvZ72x+J/XTLB71kpFGCcIIZ8u6iaSYkTHedCOUMBRDg1hXAlzK+V9phhHk1rBhODOvjxPascl1ym5tyfF8kUWR57skwNyRFxySsrkmlRIlXDySJ7JK3mznqwX6936mLbmrGxml/yB9fkDmeeWRQ==</latexit><latexit sha1_base64="u4Mhny/AjrxymA0/ikRY4A0n/X8=">AAACAnicbVA9SwNBEN2LXzF+nVqJzWIQrMKdCNoIQS0sLCKYD8iFsLeZJEv2PtidE8MRbPwrNhaK2Por7Pw3bpIrNPHBwOO9GWbm+bEUGh3n28otLC4tr+RXC2vrG5tb9vZOTUeJ4lDlkYxUw2capAihigIlNGIFLPAl1P3B5div34PSIgrvcBhDK2C9UHQFZ2iktr13Q8+ph/CAKkhrI+pdgURGse207aJTciag88TNSJFkqLTtL68T8SSAELlkWjddJ8ZWyhQKLmFU8BINMeMD1oOmoSELQLfSyQsjemiUDu1GylSIdKL+nkhZoPUw8E1nwLCvZ72x+J/XTLB71kpFGCcIIZ8u6iaSYkTHedCOUMBRDg1hXAlzK+V9phhHk1rBhODOvjxPascl1ym5tyfF8kUWR57skwNyRFxySsrkmlRIlXDySJ7JK3mznqwX6936mLbmrGxml/yB9fkDmeeWRQ==</latexit><latexit sha1_base64="u4Mhny/AjrxymA0/ikRY4A0n/X8=">AAACAnicbVA9SwNBEN2LXzF+nVqJzWIQrMKdCNoIQS0sLCKYD8iFsLeZJEv2PtidE8MRbPwrNhaK2Por7Pw3bpIrNPHBwOO9GWbm+bEUGh3n28otLC4tr+RXC2vrG5tb9vZOTUeJ4lDlkYxUw2capAihigIlNGIFLPAl1P3B5div34PSIgrvcBhDK2C9UHQFZ2iktr13Q8+ph/CAKkhrI+pdgURGse207aJTciag88TNSJFkqLTtL68T8SSAELlkWjddJ8ZWyhQKLmFU8BINMeMD1oOmoSELQLfSyQsjemiUDu1GylSIdKL+nkhZoPUw8E1nwLCvZ72x+J/XTLB71kpFGCcIIZ8u6iaSYkTHedCOUMBRDg1hXAlzK+V9phhHk1rBhODOvjxPascl1ym5tyfF8kUWR57skwNyRFxySsrkmlRIlXDySJ7JK3mznqwX6936mLbmrGxml/yB9fkDmeeWRQ==</latexit>
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A relatividade das distâncias

�t = L0/V
<latexit sha1_base64="pjVIUt5T3Ae5aDdpcEM5dJD0NjU=">AAACBHicbVA9SwNBEN2LXzF+nVqmWQyCVbwTQRshqIWFRQTzAbkQ9jaTZMneB7tzYjhS2PhXbCwUsfVH2Plv3CRXaPTBwOO9GWbm+bEUGh3ny8otLC4tr+RXC2vrG5tb9vZOXUeJ4lDjkYxU02capAihhgIlNGMFLPAlNPzhxcRv3IHSIgpvcRRDO2D9UPQEZ2ikjl30LkEio0jP6HXHoYfUQ7hHFaT1cccuOWVnCvqXuBkpkQzVjv3pdSOeBBAil0zrluvE2E6ZQsEljAteoiFmfMj60DI0ZAHodjp9Ykz3jdKlvUiZCpFO1Z8TKQu0HgW+6QwYDvS8NxH/81oJ9k7bqQjjBCHks0W9RFKM6CQR2hUKOMqRIYwrYW6lfMAU42hyK5gQ3PmX/5L6Udl1yu7NcalynsWRJ0WyRw6IS05IhVyRKqkRTh7IE3khr9aj9Wy9We+z1pyVzeySX7A+vgFi5Zao</latexit><latexit sha1_base64="pjVIUt5T3Ae5aDdpcEM5dJD0NjU=">AAACBHicbVA9SwNBEN2LXzF+nVqmWQyCVbwTQRshqIWFRQTzAbkQ9jaTZMneB7tzYjhS2PhXbCwUsfVH2Plv3CRXaPTBwOO9GWbm+bEUGh3ny8otLC4tr+RXC2vrG5tb9vZOXUeJ4lDjkYxU02capAihhgIlNGMFLPAlNPzhxcRv3IHSIgpvcRRDO2D9UPQEZ2ikjl30LkEio0jP6HXHoYfUQ7hHFaT1cccuOWVnCvqXuBkpkQzVjv3pdSOeBBAil0zrluvE2E6ZQsEljAteoiFmfMj60DI0ZAHodjp9Ykz3jdKlvUiZCpFO1Z8TKQu0HgW+6QwYDvS8NxH/81oJ9k7bqQjjBCHks0W9RFKM6CQR2hUKOMqRIYwrYW6lfMAU42hyK5gQ3PmX/5L6Udl1yu7NcalynsWRJ0WyRw6IS05IhVyRKqkRTh7IE3khr9aj9Wy9We+z1pyVzeySX7A+vgFi5Zao</latexit><latexit sha1_base64="pjVIUt5T3Ae5aDdpcEM5dJD0NjU=">AAACBHicbVA9SwNBEN2LXzF+nVqmWQyCVbwTQRshqIWFRQTzAbkQ9jaTZMneB7tzYjhS2PhXbCwUsfVH2Plv3CRXaPTBwOO9GWbm+bEUGh3ny8otLC4tr+RXC2vrG5tb9vZOXUeJ4lDjkYxU02capAihhgIlNGMFLPAlNPzhxcRv3IHSIgpvcRRDO2D9UPQEZ2ikjl30LkEio0jP6HXHoYfUQ7hHFaT1cccuOWVnCvqXuBkpkQzVjv3pdSOeBBAil0zrluvE2E6ZQsEljAteoiFmfMj60DI0ZAHodjp9Ykz3jdKlvUiZCpFO1Z8TKQu0HgW+6QwYDvS8NxH/81oJ9k7bqQjjBCHks0W9RFKM6CQR2hUKOMqRIYwrYW6lfMAU42hyK5gQ3PmX/5L6Udl1yu7NcalynsWRJ0WyRw6IS05IhVyRKqkRTh7IE3khr9aj9Wy9We+z1pyVzeySX7A+vgFi5Zao</latexit><latexit sha1_base64="pjVIUt5T3Ae5aDdpcEM5dJD0NjU=">AAACBHicbVA9SwNBEN2LXzF+nVqmWQyCVbwTQRshqIWFRQTzAbkQ9jaTZMneB7tzYjhS2PhXbCwUsfVH2Plv3CRXaPTBwOO9GWbm+bEUGh3ny8otLC4tr+RXC2vrG5tb9vZOXUeJ4lDjkYxU02capAihhgIlNGMFLPAlNPzhxcRv3IHSIgpvcRRDO2D9UPQEZ2ikjl30LkEio0jP6HXHoYfUQ7hHFaT1cccuOWVnCvqXuBkpkQzVjv3pdSOeBBAil0zrluvE2E6ZQsEljAteoiFmfMj60DI0ZAHodjp9Ykz3jdKlvUiZCpFO1Z8TKQu0HgW+6QwYDvS8NxH/81oJ9k7bqQjjBCHks0W9RFKM6CQR2hUKOMqRIYwrYW6lfMAU42hyK5gQ3PmX/5L6Udl1yu7NcalynsWRJ0WyRw6IS05IhVyRKqkRTh7IE3khr9aj9Wy9We+z1pyVzeySX7A+vgFi5Zao</latexit>

(Referencial S)

L = V�t0
<latexit sha1_base64="u4Mhny/AjrxymA0/ikRY4A0n/X8=">AAACAnicbVA9SwNBEN2LXzF+nVqJzWIQrMKdCNoIQS0sLCKYD8iFsLeZJEv2PtidE8MRbPwrNhaK2Por7Pw3bpIrNPHBwOO9GWbm+bEUGh3n28otLC4tr+RXC2vrG5tb9vZOTUeJ4lDlkYxUw2capAihigIlNGIFLPAl1P3B5div34PSIgrvcBhDK2C9UHQFZ2iktr13Q8+ph/CAKkhrI+pdgURGse207aJTciag88TNSJFkqLTtL68T8SSAELlkWjddJ8ZWyhQKLmFU8BINMeMD1oOmoSELQLfSyQsjemiUDu1GylSIdKL+nkhZoPUw8E1nwLCvZ72x+J/XTLB71kpFGCcIIZ8u6iaSYkTHedCOUMBRDg1hXAlzK+V9phhHk1rBhODOvjxPascl1ym5tyfF8kUWR57skwNyRFxySsrkmlRIlXDySJ7JK3mznqwX6936mLbmrGxml/yB9fkDmeeWRQ==</latexit><latexit sha1_base64="u4Mhny/AjrxymA0/ikRY4A0n/X8=">AAACAnicbVA9SwNBEN2LXzF+nVqJzWIQrMKdCNoIQS0sLCKYD8iFsLeZJEv2PtidE8MRbPwrNhaK2Por7Pw3bpIrNPHBwOO9GWbm+bEUGh3n28otLC4tr+RXC2vrG5tb9vZOTUeJ4lDlkYxUw2capAihigIlNGIFLPAl1P3B5div34PSIgrvcBhDK2C9UHQFZ2iktr13Q8+ph/CAKkhrI+pdgURGse207aJTciag88TNSJFkqLTtL68T8SSAELlkWjddJ8ZWyhQKLmFU8BINMeMD1oOmoSELQLfSyQsjemiUDu1GylSIdKL+nkhZoPUw8E1nwLCvZ72x+J/XTLB71kpFGCcIIZ8u6iaSYkTHedCOUMBRDg1hXAlzK+V9phhHk1rBhODOvjxPascl1ym5tyfF8kUWR57skwNyRFxySsrkmlRIlXDySJ7JK3mznqwX6936mLbmrGxml/yB9fkDmeeWRQ==</latexit><latexit sha1_base64="u4Mhny/AjrxymA0/ikRY4A0n/X8=">AAACAnicbVA9SwNBEN2LXzF+nVqJzWIQrMKdCNoIQS0sLCKYD8iFsLeZJEv2PtidE8MRbPwrNhaK2Por7Pw3bpIrNPHBwOO9GWbm+bEUGh3n28otLC4tr+RXC2vrG5tb9vZOTUeJ4lDlkYxUw2capAihigIlNGIFLPAl1P3B5div34PSIgrvcBhDK2C9UHQFZ2iktr13Q8+ph/CAKkhrI+pdgURGse207aJTciag88TNSJFkqLTtL68T8SSAELlkWjddJ8ZWyhQKLmFU8BINMeMD1oOmoSELQLfSyQsjemiUDu1GylSIdKL+nkhZoPUw8E1nwLCvZ72x+J/XTLB71kpFGCcIIZ8u6iaSYkTHedCOUMBRDg1hXAlzK+V9phhHk1rBhODOvjxPascl1ym5tyfF8kUWR57skwNyRFxySsrkmlRIlXDySJ7JK3mznqwX6936mLbmrGxml/yB9fkDmeeWRQ==</latexit><latexit sha1_base64="u4Mhny/AjrxymA0/ikRY4A0n/X8=">AAACAnicbVA9SwNBEN2LXzF+nVqJzWIQrMKdCNoIQS0sLCKYD8iFsLeZJEv2PtidE8MRbPwrNhaK2Por7Pw3bpIrNPHBwOO9GWbm+bEUGh3n28otLC4tr+RXC2vrG5tb9vZOTUeJ4lDlkYxUw2capAihigIlNGIFLPAl1P3B5div34PSIgrvcBhDK2C9UHQFZ2iktr13Q8+ph/CAKkhrI+pdgURGse207aJTciag88TNSJFkqLTtL68T8SSAELlkWjddJ8ZWyhQKLmFU8BINMeMD1oOmoSELQLfSyQsjemiUDu1GylSIdKL+nkhZoPUw8E1nwLCvZ72x+J/XTLB71kpFGCcIIZ8u6iaSYkTHedCOUMBRDg1hXAlzK+V9phhHk1rBhODOvjxPascl1ym5tyfF8kUWR57skwNyRFxySsrkmlRIlXDySJ7JK3mznqwX6936mLbmrGxml/yB9fkDmeeWRQ==</latexit>

(Referencial S’)

L

L0
=

V�t0
V�t

) L =
L0

�
= L0

s

1� V2

c2
<latexit sha1_base64="yPO/HXk0ybzds6GHr98R8Z5nIQg="></latexit><latexit sha1_base64="yPO/HXk0ybzds6GHr98R8Z5nIQg="></latexit><latexit sha1_base64="yPO/HXk0ybzds6GHr98R8Z5nIQg="></latexit><latexit sha1_base64="yPO/HXk0ybzds6GHr98R8Z5nIQg="></latexit>

O comprimento de um objeto medido em um referencial em que ele está se movendo 
(na direção da dimensão que está sendo medida) é menor que o seu comprimento 
próprio, ou seja medido no referencial em que o objeto está em repouso. 
Este efeito é chamado de contração de Lorentz-Fitzgerald.
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Exemplo
Dois observadores (O1 (Sam) e O2 (Sally) — dê o seu nome preferido para eles) 
estão cada um a bordo de uma espaçonave que se cruzam com velocidade relativa 
de magnitude V. 
1- O comprimento próprio da espaçonave de O1 é 230 m. 
2- O2 mede o intervalo de tempo de 3,57 µs para a passagem da espaçonave de O1. 
Qual é a velocidade relativa V entre as duas espaçonaves, em termos da velocidade 
da luz c.
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Exemplo
Dois observadores (O1 (Sam) e O2 (Sally) — dê o seu nome preferido para eles) 
estão cada um a bordo de uma espaçonave que se cruzam com velocidade relativa 
de magnitude V. 
1- O comprimento próprio da espaçonave de O1 é 230 m. 
2- O2 mede o intervalo de tempo de 3,57 µs para a passagem da espaçonave de O1. 
Qual é a velocidade relativa V entre as duas espaçonaves, em termos da velocidade 
da luz c.

O2 mede um tempo próprio tal que neste 
referencial:

L = V�t0
<latexit sha1_base64="YnTvjqx3vxl6AV31xgRtiHAO7Go=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9gVQS9CUA8ePEQwD0iWZXbSmwyZfTDTGwhL/sSLB0W8+ife/BsnyR40WtBQVHXT3RWkUmh0nC+rtLK6tr5R3qxsbe/s7tn7By2dZIpDkycyUZ2AaZAihiYKlNBJFbAokNAORjczvz0GpUUSP+IkBS9ig1iEgjM0km/b9/SKtmjvFiQyir7j21Wn5sxB/xK3IFVSoOHbn71+wrMIYuSSad11nRS9nCkUXMK00ss0pIyP2AC6hsYsAu3l88un9MQofRomylSMdK7+nMhZpPUkCkxnxHCol72Z+J/XzTC89HIRpxlCzBeLwkxSTOgsBtoXCjjKiSGMK2FupXzIFONowqqYENzll/+S1lnNdWruw3m1fl3EUSZH5JicEpdckDq5Iw3SJJyMyRN5Ia9Wbj1bb9b7orVkFTOH5Besj28BZpHz</latexit><latexit sha1_base64="YnTvjqx3vxl6AV31xgRtiHAO7Go=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9gVQS9CUA8ePEQwD0iWZXbSmwyZfTDTGwhL/sSLB0W8+ife/BsnyR40WtBQVHXT3RWkUmh0nC+rtLK6tr5R3qxsbe/s7tn7By2dZIpDkycyUZ2AaZAihiYKlNBJFbAokNAORjczvz0GpUUSP+IkBS9ig1iEgjM0km/b9/SKtmjvFiQyir7j21Wn5sxB/xK3IFVSoOHbn71+wrMIYuSSad11nRS9nCkUXMK00ss0pIyP2AC6hsYsAu3l88un9MQofRomylSMdK7+nMhZpPUkCkxnxHCol72Z+J/XzTC89HIRpxlCzBeLwkxSTOgsBtoXCjjKiSGMK2FupXzIFONowqqYENzll/+S1lnNdWruw3m1fl3EUSZH5JicEpdckDq5Iw3SJJyMyRN5Ia9Wbj1bb9b7orVkFTOH5Besj28BZpHz</latexit><latexit sha1_base64="YnTvjqx3vxl6AV31xgRtiHAO7Go=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9gVQS9CUA8ePEQwD0iWZXbSmwyZfTDTGwhL/sSLB0W8+ife/BsnyR40WtBQVHXT3RWkUmh0nC+rtLK6tr5R3qxsbe/s7tn7By2dZIpDkycyUZ2AaZAihiYKlNBJFbAokNAORjczvz0GpUUSP+IkBS9ig1iEgjM0km/b9/SKtmjvFiQyir7j21Wn5sxB/xK3IFVSoOHbn71+wrMIYuSSad11nRS9nCkUXMK00ss0pIyP2AC6hsYsAu3l88un9MQofRomylSMdK7+nMhZpPUkCkxnxHCol72Z+J/XzTC89HIRpxlCzBeLwkxSTOgsBtoXCjjKiSGMK2FupXzIFONowqqYENzll/+S1lnNdWruw3m1fl3EUSZH5JicEpdckDq5Iw3SJJyMyRN5Ia9Wbj1bb9b7orVkFTOH5Besj28BZpHz</latexit><latexit sha1_base64="YnTvjqx3vxl6AV31xgRtiHAO7Go=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9gVQS9CUA8ePEQwD0iWZXbSmwyZfTDTGwhL/sSLB0W8+ife/BsnyR40WtBQVHXT3RWkUmh0nC+rtLK6tr5R3qxsbe/s7tn7By2dZIpDkycyUZ2AaZAihiYKlNBJFbAokNAORjczvz0GpUUSP+IkBS9ig1iEgjM0km/b9/SKtmjvFiQyir7j21Wn5sxB/xK3IFVSoOHbn71+wrMIYuSSad11nRS9nCkUXMK00ss0pIyP2AC6hsYsAu3l88un9MQofRomylSMdK7+nMhZpPUkCkxnxHCol72Z+J/XzTC89HIRpxlCzBeLwkxSTOgsBtoXCjjKiSGMK2FupXzIFONowqqYENzll/+S1lnNdWruw3m1fl3EUSZH5JicEpdckDq5Iw3SJJyMyRN5Ia9Wbj1bb9b7orVkFTOH5Besj28BZpHz</latexit>

onde L é o comprimento da espaçonave de O1 
medida por O2, que por sua vez é:

L =
L0

�
= L0

s

1� V2

c2
<latexit sha1_base64="e+oslKjzS0M4leyYkSz+hFd2VUQ="></latexit><latexit sha1_base64="e+oslKjzS0M4leyYkSz+hFd2VUQ="></latexit><latexit sha1_base64="e+oslKjzS0M4leyYkSz+hFd2VUQ="></latexit><latexit sha1_base64="e+oslKjzS0M4leyYkSz+hFd2VUQ="></latexit>
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Exemplo
Dois observadores (O1 (Sam) e O2 (Sally) — dê o seu nome preferido para eles) 
estão cada um a bordo de uma espaçonave que se cruzam com velocidade relativa 
de magnitude V. 
1- O comprimento próprio da espaçonave de O1 é 230 m. 
2- O2 mede o intervalo de tempo de 3,57 µs para a passagem da espaçonave de O1. 
Qual é a velocidade relativa V entre as duas espaçonaves, em termos da velocidade 
da luz c.

O2 mede um tempo próprio tal que neste 
referencial:

L = V�t0
<latexit sha1_base64="YnTvjqx3vxl6AV31xgRtiHAO7Go=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9gVQS9CUA8ePEQwD0iWZXbSmwyZfTDTGwhL/sSLB0W8+ife/BsnyR40WtBQVHXT3RWkUmh0nC+rtLK6tr5R3qxsbe/s7tn7By2dZIpDkycyUZ2AaZAihiYKlNBJFbAokNAORjczvz0GpUUSP+IkBS9ig1iEgjM0km/b9/SKtmjvFiQyir7j21Wn5sxB/xK3IFVSoOHbn71+wrMIYuSSad11nRS9nCkUXMK00ss0pIyP2AC6hsYsAu3l88un9MQofRomylSMdK7+nMhZpPUkCkxnxHCol72Z+J/XzTC89HIRpxlCzBeLwkxSTOgsBtoXCjjKiSGMK2FupXzIFONowqqYENzll/+S1lnNdWruw3m1fl3EUSZH5JicEpdckDq5Iw3SJJyMyRN5Ia9Wbj1bb9b7orVkFTOH5Besj28BZpHz</latexit><latexit sha1_base64="YnTvjqx3vxl6AV31xgRtiHAO7Go=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9gVQS9CUA8ePEQwD0iWZXbSmwyZfTDTGwhL/sSLB0W8+ife/BsnyR40WtBQVHXT3RWkUmh0nC+rtLK6tr5R3qxsbe/s7tn7By2dZIpDkycyUZ2AaZAihiYKlNBJFbAokNAORjczvz0GpUUSP+IkBS9ig1iEgjM0km/b9/SKtmjvFiQyir7j21Wn5sxB/xK3IFVSoOHbn71+wrMIYuSSad11nRS9nCkUXMK00ss0pIyP2AC6hsYsAu3l88un9MQofRomylSMdK7+nMhZpPUkCkxnxHCol72Z+J/XzTC89HIRpxlCzBeLwkxSTOgsBtoXCjjKiSGMK2FupXzIFONowqqYENzll/+S1lnNdWruw3m1fl3EUSZH5JicEpdckDq5Iw3SJJyMyRN5Ia9Wbj1bb9b7orVkFTOH5Besj28BZpHz</latexit><latexit sha1_base64="YnTvjqx3vxl6AV31xgRtiHAO7Go=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9gVQS9CUA8ePEQwD0iWZXbSmwyZfTDTGwhL/sSLB0W8+ife/BsnyR40WtBQVHXT3RWkUmh0nC+rtLK6tr5R3qxsbe/s7tn7By2dZIpDkycyUZ2AaZAihiYKlNBJFbAokNAORjczvz0GpUUSP+IkBS9ig1iEgjM0km/b9/SKtmjvFiQyir7j21Wn5sxB/xK3IFVSoOHbn71+wrMIYuSSad11nRS9nCkUXMK00ss0pIyP2AC6hsYsAu3l88un9MQofRomylSMdK7+nMhZpPUkCkxnxHCol72Z+J/XzTC89HIRpxlCzBeLwkxSTOgsBtoXCjjKiSGMK2FupXzIFONowqqYENzll/+S1lnNdWruw3m1fl3EUSZH5JicEpdckDq5Iw3SJJyMyRN5Ia9Wbj1bb9b7orVkFTOH5Besj28BZpHz</latexit><latexit sha1_base64="YnTvjqx3vxl6AV31xgRtiHAO7Go=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9gVQS9CUA8ePEQwD0iWZXbSmwyZfTDTGwhL/sSLB0W8+ife/BsnyR40WtBQVHXT3RWkUmh0nC+rtLK6tr5R3qxsbe/s7tn7By2dZIpDkycyUZ2AaZAihiYKlNBJFbAokNAORjczvz0GpUUSP+IkBS9ig1iEgjM0km/b9/SKtmjvFiQyir7j21Wn5sxB/xK3IFVSoOHbn71+wrMIYuSSad11nRS9nCkUXMK00ss0pIyP2AC6hsYsAu3l88un9MQofRomylSMdK7+nMhZpPUkCkxnxHCol72Z+J/XzTC89HIRpxlCzBeLwkxSTOgsBtoXCjjKiSGMK2FupXzIFONowqqYENzll/+S1lnNdWruw3m1fl3EUSZH5JicEpdckDq5Iw3SJJyMyRN5Ia9Wbj1bb9b7orVkFTOH5Besj28BZpHz</latexit>

onde L é o comprimento da espaçonave de O1 
medida por O2, que por sua vez é:

L =
L0

�
= L0

s

1� V2

c2
<latexit sha1_base64="e+oslKjzS0M4leyYkSz+hFd2VUQ="></latexit><latexit sha1_base64="e+oslKjzS0M4leyYkSz+hFd2VUQ="></latexit><latexit sha1_base64="e+oslKjzS0M4leyYkSz+hFd2VUQ="></latexit><latexit sha1_base64="e+oslKjzS0M4leyYkSz+hFd2VUQ="></latexit>

Obtemos:
V

c
=

L0p
c2�t20 + L2

0

⇡ 0,210
<latexit sha1_base64="4w2mgqksxtemWBxJ0cPDHbGSYBo="></latexit><latexit sha1_base64="4w2mgqksxtemWBxJ0cPDHbGSYBo="></latexit><latexit sha1_base64="4w2mgqksxtemWBxJ0cPDHbGSYBo="></latexit><latexit sha1_base64="4w2mgqksxtemWBxJ0cPDHbGSYBo="></latexit> 11


