
1 Cinemática

Comenzaremos nuestro estudio de la mecánica mediante la descripción del movimiento,

sin preguntarnos por sus causas. Para ello, estableceremos nociones básicas como el

vector posición, la velocidad, y la aceleración, descritas en distintos tipos de sistemas

de coordenadas. Comencemos con la posición.

1.1 Posición

El vector posición ~r es un vector que nos indica la ubicación de algún objeto en el

espacio, con respecto a un origen O dado. Para que la información contenida en ~r sea

útil, tenemos que conocer el origen O del cual se habla. La siguiente figura muestra

un vector ~r que indica la posición de la part́ıcula P con respecto al origen O. La

O
<latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit><latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit><latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit><latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit>

�r
<latexit sha1_base64="cCrgZjPZ7lj6REmMyCm+c2bybUE=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOm1js8mSZAtl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OG0almmGdKaF0K6IGBZdYt9wKbCUaaRwJbEaju1m9OUZtuJKPdpJgGNOB5H3OqHVWozNGRnS3VPYr/lxkFYIcypCr1i19dXqKpTFKywQ1ph34iQ0zqi1nAqfFTmowoWxEB9h2KGmMJszm207JuXN6pK+0e9KSuft7IqOxMZM4cp0xtUOzXJuZ/9Xaqe3fhBmXSWpRssVH/VQQq8jsdNLjGpkVEweUae52JWxINWXWBVR0IQTLJ69C47ISOH64Kldv8zgKcApncAEBXEMV7qEGdWDwBM/wCm+e8l68d+9j0brm5TMn8Efe5w85iI7i</latexit><latexit sha1_base64="cCrgZjPZ7lj6REmMyCm+c2bybUE=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOm1js8mSZAtl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OG0almmGdKaF0K6IGBZdYt9wKbCUaaRwJbEaju1m9OUZtuJKPdpJgGNOB5H3OqHVWozNGRnS3VPYr/lxkFYIcypCr1i19dXqKpTFKywQ1ph34iQ0zqi1nAqfFTmowoWxEB9h2KGmMJszm207JuXN6pK+0e9KSuft7IqOxMZM4cp0xtUOzXJuZ/9Xaqe3fhBmXSWpRssVH/VQQq8jsdNLjGpkVEweUae52JWxINWXWBVR0IQTLJ69C47ISOH64Kldv8zgKcApncAEBXEMV7qEGdWDwBM/wCm+e8l68d+9j0brm5TMn8Efe5w85iI7i</latexit><latexit sha1_base64="cCrgZjPZ7lj6REmMyCm+c2bybUE=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOm1js8mSZAtl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OG0almmGdKaF0K6IGBZdYt9wKbCUaaRwJbEaju1m9OUZtuJKPdpJgGNOB5H3OqHVWozNGRnS3VPYr/lxkFYIcypCr1i19dXqKpTFKywQ1ph34iQ0zqi1nAqfFTmowoWxEB9h2KGmMJszm207JuXN6pK+0e9KSuft7IqOxMZM4cp0xtUOzXJuZ/9Xaqe3fhBmXSWpRssVH/VQQq8jsdNLjGpkVEweUae52JWxINWXWBVR0IQTLJ69C47ISOH64Kldv8zgKcApncAEBXEMV7qEGdWDwBM/wCm+e8l68d+9j0brm5TMn8Efe5w85iI7i</latexit><latexit sha1_base64="cCrgZjPZ7lj6REmMyCm+c2bybUE=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOm1js8mSZAtl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OG0almmGdKaF0K6IGBZdYt9wKbCUaaRwJbEaju1m9OUZtuJKPdpJgGNOB5H3OqHVWozNGRnS3VPYr/lxkFYIcypCr1i19dXqKpTFKywQ1ph34iQ0zqi1nAqfFTmowoWxEB9h2KGmMJszm207JuXN6pK+0e9KSuft7IqOxMZM4cp0xtUOzXJuZ/9Xaqe3fhBmXSWpRssVH/VQQq8jsdNLjGpkVEweUae52JWxINWXWBVR0IQTLJ69C47ISOH64Kldv8zgKcApncAEBXEMV7qEGdWDwBM/wCm+e8l68d+9j0brm5TMn8Efe5w85iI7i</latexit>

P
<latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit>

figura anterior podŕıa inducirnos a un error. El vector ~r no está anclado al origen O.

Recordemos que un vector tiene dos propiedades fundamentales, dirección y longitud.

Estas dos propiedades no nos dicen nada acerca del origen. Por ejemplo, la siguiente

figura es completamente equivalente a la figura anterior:

O
<latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit><latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit><latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit><latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit>

�r
<latexit sha1_base64="cCrgZjPZ7lj6REmMyCm+c2bybUE=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOm1js8mSZAtl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OG0almmGdKaF0K6IGBZdYt9wKbCUaaRwJbEaju1m9OUZtuJKPdpJgGNOB5H3OqHVWozNGRnS3VPYr/lxkFYIcypCr1i19dXqKpTFKywQ1ph34iQ0zqi1nAqfFTmowoWxEB9h2KGmMJszm207JuXN6pK+0e9KSuft7IqOxMZM4cp0xtUOzXJuZ/9Xaqe3fhBmXSWpRssVH/VQQq8jsdNLjGpkVEweUae52JWxINWXWBVR0IQTLJ69C47ISOH64Kldv8zgKcApncAEBXEMV7qEGdWDwBM/wCm+e8l68d+9j0brm5TMn8Efe5w85iI7i</latexit><latexit sha1_base64="cCrgZjPZ7lj6REmMyCm+c2bybUE=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOm1js8mSZAtl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OG0almmGdKaF0K6IGBZdYt9wKbCUaaRwJbEaju1m9OUZtuJKPdpJgGNOB5H3OqHVWozNGRnS3VPYr/lxkFYIcypCr1i19dXqKpTFKywQ1ph34iQ0zqi1nAqfFTmowoWxEB9h2KGmMJszm207JuXN6pK+0e9KSuft7IqOxMZM4cp0xtUOzXJuZ/9Xaqe3fhBmXSWpRssVH/VQQq8jsdNLjGpkVEweUae52JWxINWXWBVR0IQTLJ69C47ISOH64Kldv8zgKcApncAEBXEMV7qEGdWDwBM/wCm+e8l68d+9j0brm5TMn8Efe5w85iI7i</latexit><latexit sha1_base64="cCrgZjPZ7lj6REmMyCm+c2bybUE=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOm1js8mSZAtl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OG0almmGdKaF0K6IGBZdYt9wKbCUaaRwJbEaju1m9OUZtuJKPdpJgGNOB5H3OqHVWozNGRnS3VPYr/lxkFYIcypCr1i19dXqKpTFKywQ1ph34iQ0zqi1nAqfFTmowoWxEB9h2KGmMJszm207JuXN6pK+0e9KSuft7IqOxMZM4cp0xtUOzXJuZ/9Xaqe3fhBmXSWpRssVH/VQQq8jsdNLjGpkVEweUae52JWxINWXWBVR0IQTLJ69C47ISOH64Kldv8zgKcApncAEBXEMV7qEGdWDwBM/wCm+e8l68d+9j0brm5TMn8Efe5w85iI7i</latexit><latexit sha1_base64="cCrgZjPZ7lj6REmMyCm+c2bybUE=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOm1js8mSZAtl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OG0almmGdKaF0K6IGBZdYt9wKbCUaaRwJbEaju1m9OUZtuJKPdpJgGNOB5H3OqHVWozNGRnS3VPYr/lxkFYIcypCr1i19dXqKpTFKywQ1ph34iQ0zqi1nAqfFTmowoWxEB9h2KGmMJszm207JuXN6pK+0e9KSuft7IqOxMZM4cp0xtUOzXJuZ/9Xaqe3fhBmXSWpRssVH/VQQq8jsdNLjGpkVEweUae52JWxINWXWBVR0IQTLJ69C47ISOH64Kldv8zgKcApncAEBXEMV7qEGdWDwBM/wCm+e8l68d+9j0brm5TMn8Efe5w85iI7i</latexit>

P
<latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit>

Como verán, el vector ~r continúa indicando la posición de la part́ıcula con respecto

al origen O, aún cuando el inicio del vector no esté sobre el origen, y la punta no esté

sobre la part́ıcula.
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1.2 Base cartesiana

Todo vector puede ser expresado con respecto a una base. En el caso particular de

nuestro espacio de tres dimensiones, resulta muy útil introducir una base cartesiana,

consistente en tres vectores unitarios que denominaremos ı̂, |̂ y k̂. Estos tres vectores

permanecerán fijos. Por ejemplo, dada la orientación de nuestra sala (B204), acorde-

mos que ı̂ siempre apunta hacia el Sur (hacia afuera de la pizarra), |̂ siempre apunta

hacia el Este (a lo largo de la pizarra, en dirección a la entrada), y k̂ siempre apunta

hacia arriba. Estos vectores pueden ser dibujados de la siguiente forma:

ı̂
<latexit sha1_base64="ceHryc8WaJuW2N20lLaA68ZJN+s=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRS3x9TJL6IKY4H9YbbdOcgq8QrSQNKtAf1L3+oWBbzBJmkxvQ9N8UgpxoFk3xW8zPDU8omdMT7liY05ibI55Fn5MwqQxIpbV+CZK7+3shpbMw0Du1kEc4se4X4n9fPMLoOcpGkGfKELT6KMklQkeJ+MhSaM5RTSyjTwmYlbEw1ZWhbqtkSvOWTV0n3oulZfn/ZaN2UdVThBE7hHDy4ghbcQRs6wEDBM7zCm4POi/PufCxGK065cwx/4Hz+AALWkRA=</latexit><latexit sha1_base64="ceHryc8WaJuW2N20lLaA68ZJN+s=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRS3x9TJL6IKY4H9YbbdOcgq8QrSQNKtAf1L3+oWBbzBJmkxvQ9N8UgpxoFk3xW8zPDU8omdMT7liY05ibI55Fn5MwqQxIpbV+CZK7+3shpbMw0Du1kEc4se4X4n9fPMLoOcpGkGfKELT6KMklQkeJ+MhSaM5RTSyjTwmYlbEw1ZWhbqtkSvOWTV0n3oulZfn/ZaN2UdVThBE7hHDy4ghbcQRs6wEDBM7zCm4POi/PufCxGK065cwx/4Hz+AALWkRA=</latexit><latexit sha1_base64="ceHryc8WaJuW2N20lLaA68ZJN+s=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRS3x9TJL6IKY4H9YbbdOcgq8QrSQNKtAf1L3+oWBbzBJmkxvQ9N8UgpxoFk3xW8zPDU8omdMT7liY05ibI55Fn5MwqQxIpbV+CZK7+3shpbMw0Du1kEc4se4X4n9fPMLoOcpGkGfKELT6KMklQkeJ+MhSaM5RTSyjTwmYlbEw1ZWhbqtkSvOWTV0n3oulZfn/ZaN2UdVThBE7hHDy4ghbcQRs6wEDBM7zCm4POi/PufCxGK065cwx/4Hz+AALWkRA=</latexit><latexit sha1_base64="ceHryc8WaJuW2N20lLaA68ZJN+s=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRS3x9TJL6IKY4H9YbbdOcgq8QrSQNKtAf1L3+oWBbzBJmkxvQ9N8UgpxoFk3xW8zPDU8omdMT7liY05ibI55Fn5MwqQxIpbV+CZK7+3shpbMw0Du1kEc4se4X4n9fPMLoOcpGkGfKELT6KMklQkeJ+MhSaM5RTSyjTwmYlbEw1ZWhbqtkSvOWTV0n3oulZfn/ZaN2UdVThBE7hHDy4ghbcQRs6wEDBM7zCm4POi/PufCxGK065cwx/4Hz+AALWkRA=</latexit>

�
<latexit sha1_base64="/+kMrQkGTB66pD2XR/mp3loOeoA=">AAAB7HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosevFYwdRCG8pms2mXbnbD7kQoob/BiwdFvPqDvPlv3LY5aOsLCw/vzLAzb5QJbtDzvp3K2vrG5lZ1u7azu7d/UD886hiVa8oCqoTS3YgYJrhkAXIUrJtpRtJIsMdofDurPz4xbbiSDzjJWJiSoeQJpwStFfRVrHBQb3hNby53FfwSGlCqPah/9WNF85RJpIIY0/O9DMOCaORUsGmtnxuWETomQ9azKEnKTFjMl526Z9aJ3URp+yS6c/f3REFSYyZpZDtTgiOzXJuZ/9V6OSbXYcFlliOTdPFRkgsXlTu73I25ZhTFxAKhmttdXToimlC0+dRsCP7yyavQuWj6lu8vG62bMo4qnMApnIMPV9CCO2hDABQ4PMMrvDnSeXHenY9Fa8UpZ47hj5zPH+tgjr4=</latexit><latexit sha1_base64="/+kMrQkGTB66pD2XR/mp3loOeoA=">AAAB7HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosevFYwdRCG8pms2mXbnbD7kQoob/BiwdFvPqDvPlv3LY5aOsLCw/vzLAzb5QJbtDzvp3K2vrG5lZ1u7azu7d/UD886hiVa8oCqoTS3YgYJrhkAXIUrJtpRtJIsMdofDurPz4xbbiSDzjJWJiSoeQJpwStFfRVrHBQb3hNby53FfwSGlCqPah/9WNF85RJpIIY0/O9DMOCaORUsGmtnxuWETomQ9azKEnKTFjMl526Z9aJ3URp+yS6c/f3REFSYyZpZDtTgiOzXJuZ/9V6OSbXYcFlliOTdPFRkgsXlTu73I25ZhTFxAKhmttdXToimlC0+dRsCP7yyavQuWj6lu8vG62bMo4qnMApnIMPV9CCO2hDABQ4PMMrvDnSeXHenY9Fa8UpZ47hj5zPH+tgjr4=</latexit><latexit sha1_base64="/+kMrQkGTB66pD2XR/mp3loOeoA=">AAAB7HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosevFYwdRCG8pms2mXbnbD7kQoob/BiwdFvPqDvPlv3LY5aOsLCw/vzLAzb5QJbtDzvp3K2vrG5lZ1u7azu7d/UD886hiVa8oCqoTS3YgYJrhkAXIUrJtpRtJIsMdofDurPz4xbbiSDzjJWJiSoeQJpwStFfRVrHBQb3hNby53FfwSGlCqPah/9WNF85RJpIIY0/O9DMOCaORUsGmtnxuWETomQ9azKEnKTFjMl526Z9aJ3URp+yS6c/f3REFSYyZpZDtTgiOzXJuZ/9V6OSbXYcFlliOTdPFRkgsXlTu73I25ZhTFxAKhmttdXToimlC0+dRsCP7yyavQuWj6lu8vG62bMo4qnMApnIMPV9CCO2hDABQ4PMMrvDnSeXHenY9Fa8UpZ47hj5zPH+tgjr4=</latexit><latexit sha1_base64="/+kMrQkGTB66pD2XR/mp3loOeoA=">AAAB7HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosevFYwdRCG8pms2mXbnbD7kQoob/BiwdFvPqDvPlv3LY5aOsLCw/vzLAzb5QJbtDzvp3K2vrG5lZ1u7azu7d/UD886hiVa8oCqoTS3YgYJrhkAXIUrJtpRtJIsMdofDurPz4xbbiSDzjJWJiSoeQJpwStFfRVrHBQb3hNby53FfwSGlCqPah/9WNF85RJpIIY0/O9DMOCaORUsGmtnxuWETomQ9azKEnKTFjMl526Z9aJ3URp+yS6c/f3REFSYyZpZDtTgiOzXJuZ/9V6OSbXYcFlliOTdPFRkgsXlTu73I25ZhTFxAKhmttdXToimlC0+dRsCP7yyavQuWj6lu8vG62bMo4qnMApnIMPV9CCO2hDABQ4PMMrvDnSeXHenY9Fa8UpZ47hj5zPH+tgjr4=</latexit>

�̂
<latexit sha1_base64="+r/yHFJ7w4rlv9eT7SpEpKC2iRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZoWTSTBubSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknSgU34LrfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNL9iBgmuGQd4CBYP9WMJJFgvWhyW/i9J6YNV/IBpikLEzKSPOaUgJX8YEwAB48JgfGg3nCb7hx4lXglaaAS7UH9KxgqmiVMAhXEGN9zUwhzooFTwWa1IDMsJXRCRsy3VJKEmTCfR57hM6sMcay0fRLwXP29kZPEmGkS2ckinFn2CvE/z88gvg5zLtMMmKSLj+JMYFC4uB8PuWYUxNQSQjW3WTEdE00o2JZqtgRv+eRV0r1oepbfXzZaN2UdVXSCTtE58tAVaqE71EYdRJFCz+gVvTngvDjvzsditOKUO8foD5zPHwRekRE=</latexit><latexit sha1_base64="+r/yHFJ7w4rlv9eT7SpEpKC2iRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZoWTSTBubSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknSgU34LrfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNL9iBgmuGQd4CBYP9WMJJFgvWhyW/i9J6YNV/IBpikLEzKSPOaUgJX8YEwAB48JgfGg3nCb7hx4lXglaaAS7UH9KxgqmiVMAhXEGN9zUwhzooFTwWa1IDMsJXRCRsy3VJKEmTCfR57hM6sMcay0fRLwXP29kZPEmGkS2ckinFn2CvE/z88gvg5zLtMMmKSLj+JMYFC4uB8PuWYUxNQSQjW3WTEdE00o2JZqtgRv+eRV0r1oepbfXzZaN2UdVXSCTtE58tAVaqE71EYdRJFCz+gVvTngvDjvzsditOKUO8foD5zPHwRekRE=</latexit><latexit sha1_base64="+r/yHFJ7w4rlv9eT7SpEpKC2iRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZoWTSTBubSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknSgU34LrfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNL9iBgmuGQd4CBYP9WMJJFgvWhyW/i9J6YNV/IBpikLEzKSPOaUgJX8YEwAB48JgfGg3nCb7hx4lXglaaAS7UH9KxgqmiVMAhXEGN9zUwhzooFTwWa1IDMsJXRCRsy3VJKEmTCfR57hM6sMcay0fRLwXP29kZPEmGkS2ckinFn2CvE/z88gvg5zLtMMmKSLj+JMYFC4uB8PuWYUxNQSQjW3WTEdE00o2JZqtgRv+eRV0r1oepbfXzZaN2UdVXSCTtE58tAVaqE71EYdRJFCz+gVvTngvDjvzsditOKUO8foD5zPHwRekRE=</latexit><latexit sha1_base64="+r/yHFJ7w4rlv9eT7SpEpKC2iRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZoWTSTBubSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknSgU34LrfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNL9iBgmuGQd4CBYP9WMJJFgvWhyW/i9J6YNV/IBpikLEzKSPOaUgJX8YEwAB48JgfGg3nCb7hx4lXglaaAS7UH9KxgqmiVMAhXEGN9zUwhzooFTwWa1IDMsJXRCRsy3VJKEmTCfR57hM6sMcay0fRLwXP29kZPEmGkS2ckinFn2CvE/z88gvg5zLtMMmKSLj+JMYFC4uB8PuWYUxNQSQjW3WTEdE00o2JZqtgRv+eRV0r1oepbfXzZaN2UdVXSCTtE58tAVaqE71EYdRJFCz+gVvTngvDjvzsditOKUO8foD5zPHwRekRE=</latexit> k̂

<latexit sha1_base64="MJyThnKFklopy6PRXWSIJbn84M0=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02wbm02WZFYopf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVA45THiZ0oEQsGEVnNbtDimTUK1f8qj8XWYUghwrkqvfKX92+ZlnCFTJJre0EforhhBoUTPJpqZtZnlI2ogPecahowm04mW87JWfO6ZNYG/cUkrn7e2JCE2vHSeQ6E4pDu1ybmf/VOhnG1+FEqDRDrtjioziTBDWZnU76wnCGcuyAMiPcroQNqaEMXUAlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/yPn8ALUaO2g==</latexit><latexit sha1_base64="MJyThnKFklopy6PRXWSIJbn84M0=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02wbm02WZFYopf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVA45THiZ0oEQsGEVnNbtDimTUK1f8qj8XWYUghwrkqvfKX92+ZlnCFTJJre0EforhhBoUTPJpqZtZnlI2ogPecahowm04mW87JWfO6ZNYG/cUkrn7e2JCE2vHSeQ6E4pDu1ybmf/VOhnG1+FEqDRDrtjioziTBDWZnU76wnCGcuyAMiPcroQNqaEMXUAlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/yPn8ALUaO2g==</latexit><latexit sha1_base64="MJyThnKFklopy6PRXWSIJbn84M0=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02wbm02WZFYopf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVA45THiZ0oEQsGEVnNbtDimTUK1f8qj8XWYUghwrkqvfKX92+ZlnCFTJJre0EforhhBoUTPJpqZtZnlI2ogPecahowm04mW87JWfO6ZNYG/cUkrn7e2JCE2vHSeQ6E4pDu1ybmf/VOhnG1+FEqDRDrtjioziTBDWZnU76wnCGcuyAMiPcroQNqaEMXUAlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/yPn8ALUaO2g==</latexit><latexit sha1_base64="MJyThnKFklopy6PRXWSIJbn84M0=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02wbm02WZFYopf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVA45THiZ0oEQsGEVnNbtDimTUK1f8qj8XWYUghwrkqvfKX92+ZlnCFTJJre0EforhhBoUTPJpqZtZnlI2ogPecahowm04mW87JWfO6ZNYG/cUkrn7e2JCE2vHSeQ6E4pDu1ybmf/VOhnG1+FEqDRDrtjioziTBDWZnU76wnCGcuyAMiPcroQNqaEMXUAlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/yPn8ALUaO2g==</latexit>

Cada vector existe independientemente de los otros dos, y sus inicios no están amar-

rados a ninguna posición. Sin embargo, habitualmente es conveniente dibujarlos de

tal forma que sus inicios coincidan, formando una triada. La siguiente figura muestra

una triada en perspectiva:

�̂
<latexit sha1_base64="+r/yHFJ7w4rlv9eT7SpEpKC2iRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZoWTSTBubSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknSgU34LrfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNL9iBgmuGQd4CBYP9WMJJFgvWhyW/i9J6YNV/IBpikLEzKSPOaUgJX8YEwAB48JgfGg3nCb7hx4lXglaaAS7UH9KxgqmiVMAhXEGN9zUwhzooFTwWa1IDMsJXRCRsy3VJKEmTCfR57hM6sMcay0fRLwXP29kZPEmGkS2ckinFn2CvE/z88gvg5zLtMMmKSLj+JMYFC4uB8PuWYUxNQSQjW3WTEdE00o2JZqtgRv+eRV0r1oepbfXzZaN2UdVXSCTtE58tAVaqE71EYdRJFCz+gVvTngvDjvzsditOKUO8foD5zPHwRekRE=</latexit><latexit sha1_base64="+r/yHFJ7w4rlv9eT7SpEpKC2iRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZoWTSTBubSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknSgU34LrfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNL9iBgmuGQd4CBYP9WMJJFgvWhyW/i9J6YNV/IBpikLEzKSPOaUgJX8YEwAB48JgfGg3nCb7hx4lXglaaAS7UH9KxgqmiVMAhXEGN9zUwhzooFTwWa1IDMsJXRCRsy3VJKEmTCfR57hM6sMcay0fRLwXP29kZPEmGkS2ckinFn2CvE/z88gvg5zLtMMmKSLj+JMYFC4uB8PuWYUxNQSQjW3WTEdE00o2JZqtgRv+eRV0r1oepbfXzZaN2UdVXSCTtE58tAVaqE71EYdRJFCz+gVvTngvDjvzsditOKUO8foD5zPHwRekRE=</latexit><latexit sha1_base64="+r/yHFJ7w4rlv9eT7SpEpKC2iRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZoWTSTBubSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknSgU34LrfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNL9iBgmuGQd4CBYP9WMJJFgvWhyW/i9J6YNV/IBpikLEzKSPOaUgJX8YEwAB48JgfGg3nCb7hx4lXglaaAS7UH9KxgqmiVMAhXEGN9zUwhzooFTwWa1IDMsJXRCRsy3VJKEmTCfR57hM6sMcay0fRLwXP29kZPEmGkS2ckinFn2CvE/z88gvg5zLtMMmKSLj+JMYFC4uB8PuWYUxNQSQjW3WTEdE00o2JZqtgRv+eRV0r1oepbfXzZaN2UdVXSCTtE58tAVaqE71EYdRJFCz+gVvTngvDjvzsditOKUO8foD5zPHwRekRE=</latexit><latexit sha1_base64="+r/yHFJ7w4rlv9eT7SpEpKC2iRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZoWTSTBubSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknSgU34LrfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNL9iBgmuGQd4CBYP9WMJJFgvWhyW/i9J6YNV/IBpikLEzKSPOaUgJX8YEwAB48JgfGg3nCb7hx4lXglaaAS7UH9KxgqmiVMAhXEGN9zUwhzooFTwWa1IDMsJXRCRsy3VJKEmTCfR57hM6sMcay0fRLwXP29kZPEmGkS2ckinFn2CvE/z88gvg5zLtMMmKSLj+JMYFC4uB8PuWYUxNQSQjW3WTEdE00o2JZqtgRv+eRV0r1oepbfXzZaN2UdVXSCTtE58tAVaqE71EYdRJFCz+gVvTngvDjvzsditOKUO8foD5zPHwRekRE=</latexit>

k̂
<latexit sha1_base64="MJyThnKFklopy6PRXWSIJbn84M0=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02wbm02WZFYopf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVA45THiZ0oEQsGEVnNbtDimTUK1f8qj8XWYUghwrkqvfKX92+ZlnCFTJJre0EforhhBoUTPJpqZtZnlI2ogPecahowm04mW87JWfO6ZNYG/cUkrn7e2JCE2vHSeQ6E4pDu1ybmf/VOhnG1+FEqDRDrtjioziTBDWZnU76wnCGcuyAMiPcroQNqaEMXUAlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/yPn8ALUaO2g==</latexit><latexit sha1_base64="MJyThnKFklopy6PRXWSIJbn84M0=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02wbm02WZFYopf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVA45THiZ0oEQsGEVnNbtDimTUK1f8qj8XWYUghwrkqvfKX92+ZlnCFTJJre0EforhhBoUTPJpqZtZnlI2ogPecahowm04mW87JWfO6ZNYG/cUkrn7e2JCE2vHSeQ6E4pDu1ybmf/VOhnG1+FEqDRDrtjioziTBDWZnU76wnCGcuyAMiPcroQNqaEMXUAlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/yPn8ALUaO2g==</latexit><latexit sha1_base64="MJyThnKFklopy6PRXWSIJbn84M0=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02wbm02WZFYopf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVA45THiZ0oEQsGEVnNbtDimTUK1f8qj8XWYUghwrkqvfKX92+ZlnCFTJJre0EforhhBoUTPJpqZtZnlI2ogPecahowm04mW87JWfO6ZNYG/cUkrn7e2JCE2vHSeQ6E4pDu1ybmf/VOhnG1+FEqDRDrtjioziTBDWZnU76wnCGcuyAMiPcroQNqaEMXUAlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/yPn8ALUaO2g==</latexit><latexit sha1_base64="MJyThnKFklopy6PRXWSIJbn84M0=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02wbm02WZFYopf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVA45THiZ0oEQsGEVnNbtDimTUK1f8qj8XWYUghwrkqvfKX92+ZlnCFTJJre0EforhhBoUTPJpqZtZnlI2ogPecahowm04mW87JWfO6ZNYG/cUkrn7e2JCE2vHSeQ6E4pDu1ybmf/VOhnG1+FEqDRDrtjioziTBDWZnU76wnCGcuyAMiPcroQNqaEMXUAlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/yPn8ALUaO2g==</latexit>

ı̂
<latexit sha1_base64="ceHryc8WaJuW2N20lLaA68ZJN+s=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRS3x9TJL6IKY4H9YbbdOcgq8QrSQNKtAf1L3+oWBbzBJmkxvQ9N8UgpxoFk3xW8zPDU8omdMT7liY05ibI55Fn5MwqQxIpbV+CZK7+3shpbMw0Du1kEc4se4X4n9fPMLoOcpGkGfKELT6KMklQkeJ+MhSaM5RTSyjTwmYlbEw1ZWhbqtkSvOWTV0n3oulZfn/ZaN2UdVThBE7hHDy4ghbcQRs6wEDBM7zCm4POi/PufCxGK065cwx/4Hz+AALWkRA=</latexit><latexit sha1_base64="ceHryc8WaJuW2N20lLaA68ZJN+s=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRS3x9TJL6IKY4H9YbbdOcgq8QrSQNKtAf1L3+oWBbzBJmkxvQ9N8UgpxoFk3xW8zPDU8omdMT7liY05ibI55Fn5MwqQxIpbV+CZK7+3shpbMw0Du1kEc4se4X4n9fPMLoOcpGkGfKELT6KMklQkeJ+MhSaM5RTSyjTwmYlbEw1ZWhbqtkSvOWTV0n3oulZfn/ZaN2UdVThBE7hHDy4ghbcQRs6wEDBM7zCm4POi/PufCxGK065cwx/4Hz+AALWkRA=</latexit><latexit sha1_base64="ceHryc8WaJuW2N20lLaA68ZJN+s=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRS3x9TJL6IKY4H9YbbdOcgq8QrSQNKtAf1L3+oWBbzBJmkxvQ9N8UgpxoFk3xW8zPDU8omdMT7liY05ibI55Fn5MwqQxIpbV+CZK7+3shpbMw0Du1kEc4se4X4n9fPMLoOcpGkGfKELT6KMklQkeJ+MhSaM5RTSyjTwmYlbEw1ZWhbqtkSvOWTV0n3oulZfn/ZaN2UdVThBE7hHDy4ghbcQRs6wEDBM7zCm4POi/PufCxGK065cwx/4Hz+AALWkRA=</latexit><latexit sha1_base64="ceHryc8WaJuW2N20lLaA68ZJN+s=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRS3x9TJL6IKY4H9YbbdOcgq8QrSQNKtAf1L3+oWBbzBJmkxvQ9N8UgpxoFk3xW8zPDU8omdMT7liY05ibI55Fn5MwqQxIpbV+CZK7+3shpbMw0Du1kEc4se4X4n9fPMLoOcpGkGfKELT6KMklQkeJ+MhSaM5RTSyjTwmYlbEw1ZWhbqtkSvOWTV0n3oulZfn/ZaN2UdVThBE7hHDy4ghbcQRs6wEDBM7zCm4POi/PufCxGK065cwx/4Hz+AALWkRA=</latexit>

Como lo sugiere la figura, estos vectores son ortogonales entre śı. Esto quiere decir

que existe un producto punto, tal que

ı̂ · |̂ = 0, |̂ · k̂ = 0, k̂ · |̂ = 0. (1.1)

Por otro lado, el hecho de que estos vectores sean unitarios, significa que bajo este

producto punto se constata que

ı̂ · ı̂ = 1, |̂ · |̂ = 1, k̂ · k̂ = 1. (1.2)
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Ahora que contamos con una base cartesiana, podemos expresar el vector posición

con respecto a ella. Es decir, podemos escribir

~r = xı̂+ y|̂+ zk̂. (1.3)

En la expresión anterior, x, y y z son números (escalares) llamados componentes

del vector ~r con respecto a la base ı̂, |̂ y k̂. Estas pueden ser visualizadas como

proyecciones del vector ~r a lo largo de los tres vectores base ı̂, |̂ y k̂, tal como lo

muestra la siguiente figura:

�̂
<latexit sha1_base64="+r/yHFJ7w4rlv9eT7SpEpKC2iRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZoWTSTBubSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknSgU34LrfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNL9iBgmuGQd4CBYP9WMJJFgvWhyW/i9J6YNV/IBpikLEzKSPOaUgJX8YEwAB48JgfGg3nCb7hx4lXglaaAS7UH9KxgqmiVMAhXEGN9zUwhzooFTwWa1IDMsJXRCRsy3VJKEmTCfR57hM6sMcay0fRLwXP29kZPEmGkS2ckinFn2CvE/z88gvg5zLtMMmKSLj+JMYFC4uB8PuWYUxNQSQjW3WTEdE00o2JZqtgRv+eRV0r1oepbfXzZaN2UdVXSCTtE58tAVaqE71EYdRJFCz+gVvTngvDjvzsditOKUO8foD5zPHwRekRE=</latexit><latexit sha1_base64="+r/yHFJ7w4rlv9eT7SpEpKC2iRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZoWTSTBubSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknSgU34LrfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNL9iBgmuGQd4CBYP9WMJJFgvWhyW/i9J6YNV/IBpikLEzKSPOaUgJX8YEwAB48JgfGg3nCb7hx4lXglaaAS7UH9KxgqmiVMAhXEGN9zUwhzooFTwWa1IDMsJXRCRsy3VJKEmTCfR57hM6sMcay0fRLwXP29kZPEmGkS2ckinFn2CvE/z88gvg5zLtMMmKSLj+JMYFC4uB8PuWYUxNQSQjW3WTEdE00o2JZqtgRv+eRV0r1oepbfXzZaN2UdVXSCTtE58tAVaqE71EYdRJFCz+gVvTngvDjvzsditOKUO8foD5zPHwRekRE=</latexit><latexit sha1_base64="+r/yHFJ7w4rlv9eT7SpEpKC2iRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZoWTSTBubSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknSgU34LrfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNL9iBgmuGQd4CBYP9WMJJFgvWhyW/i9J6YNV/IBpikLEzKSPOaUgJX8YEwAB48JgfGg3nCb7hx4lXglaaAS7UH9KxgqmiVMAhXEGN9zUwhzooFTwWa1IDMsJXRCRsy3VJKEmTCfR57hM6sMcay0fRLwXP29kZPEmGkS2ckinFn2CvE/z88gvg5zLtMMmKSLj+JMYFC4uB8PuWYUxNQSQjW3WTEdE00o2JZqtgRv+eRV0r1oepbfXzZaN2UdVXSCTtE58tAVaqE71EYdRJFCz+gVvTngvDjvzsditOKUO8foD5zPHwRekRE=</latexit><latexit sha1_base64="+r/yHFJ7w4rlv9eT7SpEpKC2iRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZoWTSTBubSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknSgU34LrfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNL9iBgmuGQd4CBYP9WMJJFgvWhyW/i9J6YNV/IBpikLEzKSPOaUgJX8YEwAB48JgfGg3nCb7hx4lXglaaAS7UH9KxgqmiVMAhXEGN9zUwhzooFTwWa1IDMsJXRCRsy3VJKEmTCfR57hM6sMcay0fRLwXP29kZPEmGkS2ckinFn2CvE/z88gvg5zLtMMmKSLj+JMYFC4uB8PuWYUxNQSQjW3WTEdE00o2JZqtgRv+eRV0r1oepbfXzZaN2UdVXSCTtE58tAVaqE71EYdRJFCz+gVvTngvDjvzsditOKUO8foD5zPHwRekRE=</latexit>

k̂
<latexit sha1_base64="MJyThnKFklopy6PRXWSIJbn84M0=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02wbm02WZFYopf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVA45THiZ0oEQsGEVnNbtDimTUK1f8qj8XWYUghwrkqvfKX92+ZlnCFTJJre0EforhhBoUTPJpqZtZnlI2ogPecahowm04mW87JWfO6ZNYG/cUkrn7e2JCE2vHSeQ6E4pDu1ybmf/VOhnG1+FEqDRDrtjioziTBDWZnU76wnCGcuyAMiPcroQNqaEMXUAlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/yPn8ALUaO2g==</latexit><latexit sha1_base64="MJyThnKFklopy6PRXWSIJbn84M0=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02wbm02WZFYopf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVA45THiZ0oEQsGEVnNbtDimTUK1f8qj8XWYUghwrkqvfKX92+ZlnCFTJJre0EforhhBoUTPJpqZtZnlI2ogPecahowm04mW87JWfO6ZNYG/cUkrn7e2JCE2vHSeQ6E4pDu1ybmf/VOhnG1+FEqDRDrtjioziTBDWZnU76wnCGcuyAMiPcroQNqaEMXUAlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/yPn8ALUaO2g==</latexit><latexit sha1_base64="MJyThnKFklopy6PRXWSIJbn84M0=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02wbm02WZFYopf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVA45THiZ0oEQsGEVnNbtDimTUK1f8qj8XWYUghwrkqvfKX92+ZlnCFTJJre0EforhhBoUTPJpqZtZnlI2ogPecahowm04mW87JWfO6ZNYG/cUkrn7e2JCE2vHSeQ6E4pDu1ybmf/VOhnG1+FEqDRDrtjioziTBDWZnU76wnCGcuyAMiPcroQNqaEMXUAlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/yPn8ALUaO2g==</latexit><latexit sha1_base64="MJyThnKFklopy6PRXWSIJbn84M0=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02wbm02WZFYopf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVA45THiZ0oEQsGEVnNbtDimTUK1f8qj8XWYUghwrkqvfKX92+ZlnCFTJJre0EforhhBoUTPJpqZtZnlI2ogPecahowm04mW87JWfO6ZNYG/cUkrn7e2JCE2vHSeQ6E4pDu1ybmf/VOhnG1+FEqDRDrtjioziTBDWZnU76wnCGcuyAMiPcroQNqaEMXUAlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/yPn8ALUaO2g==</latexit>

ı̂
<latexit sha1_base64="ceHryc8WaJuW2N20lLaA68ZJN+s=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRS3x9TJL6IKY4H9YbbdOcgq8QrSQNKtAf1L3+oWBbzBJmkxvQ9N8UgpxoFk3xW8zPDU8omdMT7liY05ibI55Fn5MwqQxIpbV+CZK7+3shpbMw0Du1kEc4se4X4n9fPMLoOcpGkGfKELT6KMklQkeJ+MhSaM5RTSyjTwmYlbEw1ZWhbqtkSvOWTV0n3oulZfn/ZaN2UdVThBE7hHDy4ghbcQRs6wEDBM7zCm4POi/PufCxGK065cwx/4Hz+AALWkRA=</latexit><latexit sha1_base64="ceHryc8WaJuW2N20lLaA68ZJN+s=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRS3x9TJL6IKY4H9YbbdOcgq8QrSQNKtAf1L3+oWBbzBJmkxvQ9N8UgpxoFk3xW8zPDU8omdMT7liY05ibI55Fn5MwqQxIpbV+CZK7+3shpbMw0Du1kEc4se4X4n9fPMLoOcpGkGfKELT6KMklQkeJ+MhSaM5RTSyjTwmYlbEw1ZWhbqtkSvOWTV0n3oulZfn/ZaN2UdVThBE7hHDy4ghbcQRs6wEDBM7zCm4POi/PufCxGK065cwx/4Hz+AALWkRA=</latexit><latexit sha1_base64="ceHryc8WaJuW2N20lLaA68ZJN+s=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRS3x9TJL6IKY4H9YbbdOcgq8QrSQNKtAf1L3+oWBbzBJmkxvQ9N8UgpxoFk3xW8zPDU8omdMT7liY05ibI55Fn5MwqQxIpbV+CZK7+3shpbMw0Du1kEc4se4X4n9fPMLoOcpGkGfKELT6KMklQkeJ+MhSaM5RTSyjTwmYlbEw1ZWhbqtkSvOWTV0n3oulZfn/ZaN2UdVThBE7hHDy4ghbcQRs6wEDBM7zCm4POi/PufCxGK065cwx/4Hz+AALWkRA=</latexit><latexit sha1_base64="ceHryc8WaJuW2N20lLaA68ZJN+s=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRS3x9TJL6IKY4H9YbbdOcgq8QrSQNKtAf1L3+oWBbzBJmkxvQ9N8UgpxoFk3xW8zPDU8omdMT7liY05ibI55Fn5MwqQxIpbV+CZK7+3shpbMw0Du1kEc4se4X4n9fPMLoOcpGkGfKELT6KMklQkeJ+MhSaM5RTSyjTwmYlbEw1ZWhbqtkSvOWTV0n3oulZfn/ZaN2UdVThBE7hHDy4ghbcQRs6wEDBM7zCm4POi/PufCxGK065cwx/4Hz+AALWkRA=</latexit>

�r
<latexit sha1_base64="cCrgZjPZ7lj6REmMyCm+c2bybUE=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOm1js8mSZAtl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OG0almmGdKaF0K6IGBZdYt9wKbCUaaRwJbEaju1m9OUZtuJKPdpJgGNOB5H3OqHVWozNGRnS3VPYr/lxkFYIcypCr1i19dXqKpTFKywQ1ph34iQ0zqi1nAqfFTmowoWxEB9h2KGmMJszm207JuXN6pK+0e9KSuft7IqOxMZM4cp0xtUOzXJuZ/9Xaqe3fhBmXSWpRssVH/VQQq8jsdNLjGpkVEweUae52JWxINWXWBVR0IQTLJ69C47ISOH64Kldv8zgKcApncAEBXEMV7qEGdWDwBM/wCm+e8l68d+9j0brm5TMn8Efe5w85iI7i</latexit><latexit sha1_base64="cCrgZjPZ7lj6REmMyCm+c2bybUE=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOm1js8mSZAtl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OG0almmGdKaF0K6IGBZdYt9wKbCUaaRwJbEaju1m9OUZtuJKPdpJgGNOB5H3OqHVWozNGRnS3VPYr/lxkFYIcypCr1i19dXqKpTFKywQ1ph34iQ0zqi1nAqfFTmowoWxEB9h2KGmMJszm207JuXN6pK+0e9KSuft7IqOxMZM4cp0xtUOzXJuZ/9Xaqe3fhBmXSWpRssVH/VQQq8jsdNLjGpkVEweUae52JWxINWXWBVR0IQTLJ69C47ISOH64Kldv8zgKcApncAEBXEMV7qEGdWDwBM/wCm+e8l68d+9j0brm5TMn8Efe5w85iI7i</latexit><latexit sha1_base64="cCrgZjPZ7lj6REmMyCm+c2bybUE=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOm1js8mSZAtl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OG0almmGdKaF0K6IGBZdYt9wKbCUaaRwJbEaju1m9OUZtuJKPdpJgGNOB5H3OqHVWozNGRnS3VPYr/lxkFYIcypCr1i19dXqKpTFKywQ1ph34iQ0zqi1nAqfFTmowoWxEB9h2KGmMJszm207JuXN6pK+0e9KSuft7IqOxMZM4cp0xtUOzXJuZ/9Xaqe3fhBmXSWpRssVH/VQQq8jsdNLjGpkVEweUae52JWxINWXWBVR0IQTLJ69C47ISOH64Kldv8zgKcApncAEBXEMV7qEGdWDwBM/wCm+e8l68d+9j0brm5TMn8Efe5w85iI7i</latexit><latexit sha1_base64="cCrgZjPZ7lj6REmMyCm+c2bybUE=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOm1js8mSZAtl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OG0almmGdKaF0K6IGBZdYt9wKbCUaaRwJbEaju1m9OUZtuJKPdpJgGNOB5H3OqHVWozNGRnS3VPYr/lxkFYIcypCr1i19dXqKpTFKywQ1ph34iQ0zqi1nAqfFTmowoWxEB9h2KGmMJszm207JuXN6pK+0e9KSuft7IqOxMZM4cp0xtUOzXJuZ/9Xaqe3fhBmXSWpRssVH/VQQq8jsdNLjGpkVEweUae52JWxINWXWBVR0IQTLJ69C47ISOH64Kldv8zgKcApncAEBXEMV7qEGdWDwBM/wCm+e8l68d+9j0brm5TMn8Efe5w85iI7i</latexit>

x
<latexit sha1_base64="IArQpDG4Gw7Ax+5Wri9CZWKD4Bo=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1YQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A5juM/A==</latexit><latexit sha1_base64="IArQpDG4Gw7Ax+5Wri9CZWKD4Bo=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1YQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A5juM/A==</latexit><latexit sha1_base64="IArQpDG4Gw7Ax+5Wri9CZWKD4Bo=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1YQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A5juM/A==</latexit><latexit sha1_base64="IArQpDG4Gw7Ax+5Wri9CZWKD4Bo=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1YQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A5juM/A==</latexit>

y
<latexit sha1_base64="kBWpEtbVW3xlz0t9EJbdPDfcZn0=">AAAB6HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXjy2YD+gDWWznbRrN5uwuxFC6C/w4kERr/4kb/4bt20O2vrCwsM7M+zMGySCa+O6387a+sbm1nZpp7y7t39wWDk6bus4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcjerd55QaR7LB5Ml6Ed0JHnIGTXWamaDStWtuXORVfAKqEKhxqDy1R/GLI1QGiao1j3PTYyfU2U4Ezgt91ONCWUTOsKeRUkj1H4+X3RKzq0zJGGs7JOGzN3fEzmNtM6iwHZG1Iz1cm1m/lfrpSa88XMuk9SgZIuPwlQQE5PZ1WTIFTIjMguUKW53JWxMFWXGZlO2IXjLJ69C+7LmWW5eVeu3RRwlOIUzuAAPrqEO99CAFjBAeIZXeHMenRfn3flYtK45xcwJ/JHz+QPnv4z9</latexit><latexit sha1_base64="kBWpEtbVW3xlz0t9EJbdPDfcZn0=">AAAB6HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXjy2YD+gDWWznbRrN5uwuxFC6C/w4kERr/4kb/4bt20O2vrCwsM7M+zMGySCa+O6387a+sbm1nZpp7y7t39wWDk6bus4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcjerd55QaR7LB5Ml6Ed0JHnIGTXWamaDStWtuXORVfAKqEKhxqDy1R/GLI1QGiao1j3PTYyfU2U4Ezgt91ONCWUTOsKeRUkj1H4+X3RKzq0zJGGs7JOGzN3fEzmNtM6iwHZG1Iz1cm1m/lfrpSa88XMuk9SgZIuPwlQQE5PZ1WTIFTIjMguUKW53JWxMFWXGZlO2IXjLJ69C+7LmWW5eVeu3RRwlOIUzuAAPrqEO99CAFjBAeIZXeHMenRfn3flYtK45xcwJ/JHz+QPnv4z9</latexit><latexit sha1_base64="kBWpEtbVW3xlz0t9EJbdPDfcZn0=">AAAB6HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXjy2YD+gDWWznbRrN5uwuxFC6C/w4kERr/4kb/4bt20O2vrCwsM7M+zMGySCa+O6387a+sbm1nZpp7y7t39wWDk6bus4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcjerd55QaR7LB5Ml6Ed0JHnIGTXWamaDStWtuXORVfAKqEKhxqDy1R/GLI1QGiao1j3PTYyfU2U4Ezgt91ONCWUTOsKeRUkj1H4+X3RKzq0zJGGs7JOGzN3fEzmNtM6iwHZG1Iz1cm1m/lfrpSa88XMuk9SgZIuPwlQQE5PZ1WTIFTIjMguUKW53JWxMFWXGZlO2IXjLJ69C+7LmWW5eVeu3RRwlOIUzuAAPrqEO99CAFjBAeIZXeHMenRfn3flYtK45xcwJ/JHz+QPnv4z9</latexit><latexit sha1_base64="kBWpEtbVW3xlz0t9EJbdPDfcZn0=">AAAB6HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXjy2YD+gDWWznbRrN5uwuxFC6C/w4kERr/4kb/4bt20O2vrCwsM7M+zMGySCa+O6387a+sbm1nZpp7y7t39wWDk6bus4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcjerd55QaR7LB5Ml6Ed0JHnIGTXWamaDStWtuXORVfAKqEKhxqDy1R/GLI1QGiao1j3PTYyfU2U4Ezgt91ONCWUTOsKeRUkj1H4+X3RKzq0zJGGs7JOGzN3fEzmNtM6iwHZG1Iz1cm1m/lfrpSa88XMuk9SgZIuPwlQQE5PZ1WTIFTIjMguUKW53JWxMFWXGZlO2IXjLJ69C+7LmWW5eVeu3RRwlOIUzuAAPrqEO99CAFjBAeIZXeHMenRfn3flYtK45xcwJ/JHz+QPnv4z9</latexit>

z
<latexit sha1_base64="ZxpkeWP7OiuYrtNqeUSJ8s3zMA0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1QQ3+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A6UOM/g==</latexit><latexit sha1_base64="ZxpkeWP7OiuYrtNqeUSJ8s3zMA0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1QQ3+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A6UOM/g==</latexit><latexit sha1_base64="ZxpkeWP7OiuYrtNqeUSJ8s3zMA0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1QQ3+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A6UOM/g==</latexit><latexit sha1_base64="ZxpkeWP7OiuYrtNqeUSJ8s3zMA0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1QQ3+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A6UOM/g==</latexit>

De hecho los productos (1.1) y (1.2) nos permiten escribir

x = ı̂ · ~r, (1.4)

y = |̂ · ~r, (1.5)

z = k̂ · ~r. (1.6)

1.3 Velocidad

En general, nos interesará conocer la posición de objetos que se mueven a lo largo y

ancho del espacio. Esto significa que el vector posición estará cambiando a medida que

el tiempo pase. Es decir, debemos considerar que el vector posición es una función del

tiempo ~r = ~r(t). Supongamos que en cierto tiempo t una part́ıcula P se encuentra en

una posición dada ~r(t). Inmediatamente después, en tiempo t
0 = t+�t, la part́ıcula

estará en la posición

~r
0 = ~r(t+�t). (1.7)
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Por otro lado, dado que el incremento �t es pequeño, la posición ~r
0 no puede ser muy

lejana a ~r(t). Digamos que la distancia recorrida por la part́ıcula durante este lapso

de tiempo es �~r(t). Luego, necesariamente tenemos

~r
0 = ~r(t) +�~r(t). (1.8)

Si igualamos las dos expresiones anteriores de ~r 0, obtenemos

�~r(t) = ~r(t+�t) � ~r(t). (1.9)

La siguiente figura muestra la relación geométrica entre los vectores ~r(t), ~r(t+�t) y

�~r(t):

O
<latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit><latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit><latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit><latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit>

�r(t)
<latexit sha1_base64="H5Z8wMD6D/rdWyz3rUtHFHQ26rs=">AAAB8XicbZBNS8NAEIY3ftb6VfXoZbEI9VISEfRY9OKxgv3ANpTNdtIu3WzC7qRQQv+FFw+KePXfePPfuG1z0NYXFh7emWFn3iCRwqDrfjtr6xubW9uFneLu3v7BYenouGniVHNo8FjGuh0wA1IoaKBACe1EA4sCCa1gdDert8agjYjVI04S8CM2UCIUnKG1nrpj4FTTCl70SmW36s5FV8HLoUxy1Xulr24/5mkECrlkxnQ8N0E/YxoFlzAtdlMDCeMjNoCORcUiMH4233hKz63Tp2Gs7VNI5+7viYxFxkyiwHZGDIdmuTYz/6t1Ugxv/EyoJEVQfPFRmEqKMZ2dT/tCA0c5scC4FnZXyodMM442pKINwVs+eRWal1XP8sNVuXabx1Egp+SMVIhHrkmN3JM6aRBOFHkmr+TNMc6L8+58LFrXnHzmhPyR8/kDMlKP7w==</latexit><latexit sha1_base64="H5Z8wMD6D/rdWyz3rUtHFHQ26rs=">AAAB8XicbZBNS8NAEIY3ftb6VfXoZbEI9VISEfRY9OKxgv3ANpTNdtIu3WzC7qRQQv+FFw+KePXfePPfuG1z0NYXFh7emWFn3iCRwqDrfjtr6xubW9uFneLu3v7BYenouGniVHNo8FjGuh0wA1IoaKBACe1EA4sCCa1gdDert8agjYjVI04S8CM2UCIUnKG1nrpj4FTTCl70SmW36s5FV8HLoUxy1Xulr24/5mkECrlkxnQ8N0E/YxoFlzAtdlMDCeMjNoCORcUiMH4233hKz63Tp2Gs7VNI5+7viYxFxkyiwHZGDIdmuTYz/6t1Ugxv/EyoJEVQfPFRmEqKMZ2dT/tCA0c5scC4FnZXyodMM442pKINwVs+eRWal1XP8sNVuXabx1Egp+SMVIhHrkmN3JM6aRBOFHkmr+TNMc6L8+58LFrXnHzmhPyR8/kDMlKP7w==</latexit><latexit sha1_base64="H5Z8wMD6D/rdWyz3rUtHFHQ26rs=">AAAB8XicbZBNS8NAEIY3ftb6VfXoZbEI9VISEfRY9OKxgv3ANpTNdtIu3WzC7qRQQv+FFw+KePXfePPfuG1z0NYXFh7emWFn3iCRwqDrfjtr6xubW9uFneLu3v7BYenouGniVHNo8FjGuh0wA1IoaKBACe1EA4sCCa1gdDert8agjYjVI04S8CM2UCIUnKG1nrpj4FTTCl70SmW36s5FV8HLoUxy1Xulr24/5mkECrlkxnQ8N0E/YxoFlzAtdlMDCeMjNoCORcUiMH4233hKz63Tp2Gs7VNI5+7viYxFxkyiwHZGDIdmuTYz/6t1Ugxv/EyoJEVQfPFRmEqKMZ2dT/tCA0c5scC4FnZXyodMM442pKINwVs+eRWal1XP8sNVuXabx1Egp+SMVIhHrkmN3JM6aRBOFHkmr+TNMc6L8+58LFrXnHzmhPyR8/kDMlKP7w==</latexit><latexit sha1_base64="H5Z8wMD6D/rdWyz3rUtHFHQ26rs=">AAAB8XicbZBNS8NAEIY3ftb6VfXoZbEI9VISEfRY9OKxgv3ANpTNdtIu3WzC7qRQQv+FFw+KePXfePPfuG1z0NYXFh7emWFn3iCRwqDrfjtr6xubW9uFneLu3v7BYenouGniVHNo8FjGuh0wA1IoaKBACe1EA4sCCa1gdDert8agjYjVI04S8CM2UCIUnKG1nrpj4FTTCl70SmW36s5FV8HLoUxy1Xulr24/5mkECrlkxnQ8N0E/YxoFlzAtdlMDCeMjNoCORcUiMH4233hKz63Tp2Gs7VNI5+7viYxFxkyiwHZGDIdmuTYz/6t1Ugxv/EyoJEVQfPFRmEqKMZ2dT/tCA0c5scC4FnZXyodMM442pKINwVs+eRWal1XP8sNVuXabx1Egp+SMVIhHrkmN3JM6aRBOFHkmr+TNMc6L8+58LFrXnHzmhPyR8/kDMlKP7w==</latexit>

�r(t + �t)
<latexit sha1_base64="+Bqu9lW/L0dtXdYnug0BJ9UIkq0=">AAAB/nicbZDLSgNBEEV74ivG16i4ctMYhIgQZkTQZVAXLiOYB2RC6OlUkiY9D7prAmEI+CtuXCji1u9w59/YSWahiRcaDreqqOrrx1JodJxvK7eyura+kd8sbG3v7O7Z+wd1HSWKQ41HMlJNn2mQIoQaCpTQjBWwwJfQ8Ie303pjBEqLKHzEcQztgPVD0ROcobE69pE3Ak4VLSE9p94dSGQUzzp20Sk7M9FlcDMokkzVjv3ldSOeBBAil0zrluvE2E6ZQsElTApeoiFmfMj60DIYsgB0O52dP6GnxunSXqTMC5HO3N8TKQu0Hge+6QwYDvRibWr+V2sl2LtupyKME4SQzxf1EkkxotMsaFco4CjHBhhXwtxK+YApxtEkVjAhuItfXob6Rdk1/HBZrNxkceTJMTkhJeKSK1Ih96RKaoSTlDyTV/JmPVkv1rv1MW/NWdnMIfkj6/MHZ8GT0w==</latexit><latexit sha1_base64="+Bqu9lW/L0dtXdYnug0BJ9UIkq0=">AAAB/nicbZDLSgNBEEV74ivG16i4ctMYhIgQZkTQZVAXLiOYB2RC6OlUkiY9D7prAmEI+CtuXCji1u9w59/YSWahiRcaDreqqOrrx1JodJxvK7eyura+kd8sbG3v7O7Z+wd1HSWKQ41HMlJNn2mQIoQaCpTQjBWwwJfQ8Ie303pjBEqLKHzEcQztgPVD0ROcobE69pE3Ak4VLSE9p94dSGQUzzp20Sk7M9FlcDMokkzVjv3ldSOeBBAil0zrluvE2E6ZQsElTApeoiFmfMj60DIYsgB0O52dP6GnxunSXqTMC5HO3N8TKQu0Hge+6QwYDvRibWr+V2sl2LtupyKME4SQzxf1EkkxotMsaFco4CjHBhhXwtxK+YApxtEkVjAhuItfXob6Rdk1/HBZrNxkceTJMTkhJeKSK1Ih96RKaoSTlDyTV/JmPVkv1rv1MW/NWdnMIfkj6/MHZ8GT0w==</latexit><latexit sha1_base64="+Bqu9lW/L0dtXdYnug0BJ9UIkq0=">AAAB/nicbZDLSgNBEEV74ivG16i4ctMYhIgQZkTQZVAXLiOYB2RC6OlUkiY9D7prAmEI+CtuXCji1u9w59/YSWahiRcaDreqqOrrx1JodJxvK7eyura+kd8sbG3v7O7Z+wd1HSWKQ41HMlJNn2mQIoQaCpTQjBWwwJfQ8Ie303pjBEqLKHzEcQztgPVD0ROcobE69pE3Ak4VLSE9p94dSGQUzzp20Sk7M9FlcDMokkzVjv3ldSOeBBAil0zrluvE2E6ZQsElTApeoiFmfMj60DIYsgB0O52dP6GnxunSXqTMC5HO3N8TKQu0Hge+6QwYDvRibWr+V2sl2LtupyKME4SQzxf1EkkxotMsaFco4CjHBhhXwtxK+YApxtEkVjAhuItfXob6Rdk1/HBZrNxkceTJMTkhJeKSK1Ih96RKaoSTlDyTV/JmPVkv1rv1MW/NWdnMIfkj6/MHZ8GT0w==</latexit><latexit sha1_base64="+Bqu9lW/L0dtXdYnug0BJ9UIkq0=">AAAB/nicbZDLSgNBEEV74ivG16i4ctMYhIgQZkTQZVAXLiOYB2RC6OlUkiY9D7prAmEI+CtuXCji1u9w59/YSWahiRcaDreqqOrrx1JodJxvK7eyura+kd8sbG3v7O7Z+wd1HSWKQ41HMlJNn2mQIoQaCpTQjBWwwJfQ8Ie303pjBEqLKHzEcQztgPVD0ROcobE69pE3Ak4VLSE9p94dSGQUzzp20Sk7M9FlcDMokkzVjv3ldSOeBBAil0zrluvE2E6ZQsElTApeoiFmfMj60DIYsgB0O52dP6GnxunSXqTMC5HO3N8TKQu0Hge+6QwYDvRibWr+V2sl2LtupyKME4SQzxf1EkkxotMsaFco4CjHBhhXwtxK+YApxtEkVjAhuItfXob6Rdk1/HBZrNxkceTJMTkhJeKSK1Ih96RKaoSTlDyTV/JmPVkv1rv1MW/NWdnMIfkj6/MHZ8GT0w==</latexit>

��r(t)
<latexit sha1_base64="PtAy6TZiVplXNcXvGtrS9lgXpJU=">AAAB+nicbZBNTwIxEIa7+IX4tejRSyMxwQvZNSZ6JOrBIybykQAh3TJAQ7e7aWcxBPkpXjxojFd/iTf/jQX2oOCbNHnyzkxm+gaxFAY979vJrK1vbG5lt3M7u3v7B27+sGaiRHOo8khGuhEwA1IoqKJACY1YAwsDCfVgeDOr10egjYjUA45jaIesr0RPcIbW6rj51i1IZLQ1Ak41LeJZxy14JW8uugp+CgWSqtJxv1rdiCchKOSSGdP0vRjbE6ZRcAnTXCsxEDM+ZH1oWlQsBNOezE+f0lPrdGkv0vYppHP398SEhcaMw8B2hgwHZrk2M/+rNRPsXbUnQsUJguKLRb1EUozoLAfaFRo4yrEFxrWwt1I+YJpxtGnlbAj+8pdXoXZe8i3fXxTK12kcWXJMTkiR+OSSlMkdqZAq4eSRPJNX8uY8OS/Ou/OxaM046cwR+SPn8wdvpZLM</latexit><latexit sha1_base64="PtAy6TZiVplXNcXvGtrS9lgXpJU=">AAAB+nicbZBNTwIxEIa7+IX4tejRSyMxwQvZNSZ6JOrBIybykQAh3TJAQ7e7aWcxBPkpXjxojFd/iTf/jQX2oOCbNHnyzkxm+gaxFAY979vJrK1vbG5lt3M7u3v7B27+sGaiRHOo8khGuhEwA1IoqKJACY1YAwsDCfVgeDOr10egjYjUA45jaIesr0RPcIbW6rj51i1IZLQ1Ak41LeJZxy14JW8uugp+CgWSqtJxv1rdiCchKOSSGdP0vRjbE6ZRcAnTXCsxEDM+ZH1oWlQsBNOezE+f0lPrdGkv0vYppHP398SEhcaMw8B2hgwHZrk2M/+rNRPsXbUnQsUJguKLRb1EUozoLAfaFRo4yrEFxrWwt1I+YJpxtGnlbAj+8pdXoXZe8i3fXxTK12kcWXJMTkiR+OSSlMkdqZAq4eSRPJNX8uY8OS/Ou/OxaM046cwR+SPn8wdvpZLM</latexit><latexit sha1_base64="PtAy6TZiVplXNcXvGtrS9lgXpJU=">AAAB+nicbZBNTwIxEIa7+IX4tejRSyMxwQvZNSZ6JOrBIybykQAh3TJAQ7e7aWcxBPkpXjxojFd/iTf/jQX2oOCbNHnyzkxm+gaxFAY979vJrK1vbG5lt3M7u3v7B27+sGaiRHOo8khGuhEwA1IoqKJACY1YAwsDCfVgeDOr10egjYjUA45jaIesr0RPcIbW6rj51i1IZLQ1Ak41LeJZxy14JW8uugp+CgWSqtJxv1rdiCchKOSSGdP0vRjbE6ZRcAnTXCsxEDM+ZH1oWlQsBNOezE+f0lPrdGkv0vYppHP398SEhcaMw8B2hgwHZrk2M/+rNRPsXbUnQsUJguKLRb1EUozoLAfaFRo4yrEFxrWwt1I+YJpxtGnlbAj+8pdXoXZe8i3fXxTK12kcWXJMTkiR+OSSlMkdqZAq4eSRPJNX8uY8OS/Ou/OxaM046cwR+SPn8wdvpZLM</latexit><latexit sha1_base64="PtAy6TZiVplXNcXvGtrS9lgXpJU=">AAAB+nicbZBNTwIxEIa7+IX4tejRSyMxwQvZNSZ6JOrBIybykQAh3TJAQ7e7aWcxBPkpXjxojFd/iTf/jQX2oOCbNHnyzkxm+gaxFAY979vJrK1vbG5lt3M7u3v7B27+sGaiRHOo8khGuhEwA1IoqKJACY1YAwsDCfVgeDOr10egjYjUA45jaIesr0RPcIbW6rj51i1IZLQ1Ak41LeJZxy14JW8uugp+CgWSqtJxv1rdiCchKOSSGdP0vRjbE6ZRcAnTXCsxEDM+ZH1oWlQsBNOezE+f0lPrdGkv0vYppHP398SEhcaMw8B2hgwHZrk2M/+rNRPsXbUnQsUJguKLRb1EUozoLAfaFRo4yrEFxrWwt1I+YJpxtGnlbAj+8pdXoXZe8i3fXxTK12kcWXJMTkiR+OSSlMkdqZAq4eSRPJNX8uY8OS/Ou/OxaM046cwR+SPn8wdvpZLM</latexit>

Ahora dividamos �~r(t) por �t:

�~r(t)

�t
=

~r(t+�t) � ~r(t)

�t
. (1.10)

Esta operación nos informa sobre qué tan rápido se movió la part́ıcula desde �~r(t) a

~r(t + �t), durante el lapso de tiempo �t. Si para un tiempo �t dado, la part́ıcula

recorrió una gran distancia ||�~r(t)||, entonces decimos que la part́ıcula se movió muy

rápido. Por otro lado, si la part́ıcula recorrió una distancia pequeña, decimos que la

part́ıcula se movió lentamente.

Ahora, viene algo interesante. El concepto “qué tan rápido”, no requiere que nos

pongamos de acuerdo en la existencia de una cantidad de tiempo �t. Esto es, en la

expresión anterior podemos examinar el ĺımite �t ! 0 sin que la expresión se torne

indefinida. De hecho, dicho ĺımite define la velocidad:

~v(t) ⌘ lim
�t!0

�~r(t)

�t
= lim

�t!0

~r(t+�t) � ~r(t)

�t
. (1.11)
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Por lo tanto, la velocidad nos informa qué tan rápido se mueve un objeto en un tiempo

dado t, sin hacer mención del lapso de tiempo �t (que desaparece después de tomar

el ĺımite). Notemos que esta definición de velocidad coincide, ni más ni menos, con

la definición de una derivada temporal del vector posición. Es decir:

~v(t) ⌘
d

dt
~r(t). (1.12)

1.4 Velocidad en coordenadas cartesianas

Dado que por definición, en (1.11), la velocidad consiste en la resta de dos vectores,

entonces ésta necesariamente será un vector. Esto significa que podemos escribirla en

términos de una base. Hasta el momento solo disponemos de la base cartesiana, por

lo tanto, nos podemos permitir escribir:

~v = vxı̂+ vy |̂+ vzk̂. (1.13)

Las cantidades vx, vy y vz son números (escalares) denominados componentes del

vector ~v con respecto a la base ı̂, |̂ y k̂. Dado que la velocidad es la derivada temporal

de ~r(t), podemos determinar la forma de vx, vy y vz. Veamos. De acuerdo a (1.3) el

vector ~r(t) puede expresarse como:

~r(t) = x(t)̂ı+ y(t)|̂+ z(t)k̂. (1.14)

Recordemos que, por definición, la base ı̂, |̂ y k̂ está fija, y por lo tanto no cambia

en el tiempo. Por lo tanto, la dependencia temporal de ~r(t) solo puede venir de las

componentes x, y y z, cuyos valores cambiarán en la medida que la part́ıcula descrita

por ~r(t) se mueva. Luego, derivando (1.14) con respecto al tiempo, obtenemos

~v(t) =
d

dt

⇣
x(t)̂ı+ y(t)|̂+ z(t)k̂

⌘
(1.15)

= ẋ(t)̂ı+ ẏ(t)|̂+ ż(t)k̂, (1.16)

donde ẋ representa una derivada temporal de x, etc. Comparando esta expresión con

(1.13), vemos que las componentes vx, vy y vz están simplemente dadas por

vx = ẋ, vy = ẏ, vz = ż. (1.17)
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1.5 Aceleración

Vimos que la velocidad ~v(t) puede ser definida como la derivada temporal de ~r(t),

dándonos cuenta de qué tan rápido cambia ~r en un tiempo particular t. De forma

análoga, podemos definir la aceleración ~a(t):

~a(t) ⌘
d

dt
~v(t). (1.18)

Este vector nos informa sobre qué tan rápido cambia ~v(t) en un tiempo dado t. Al

igual que con la posición y velocidad, podemos expresar la aceleración con respecto

a la base cartesiana ı̂, |̂ y k̂:

~a = axı̂+ ay |̂+ azk̂. (1.19)

Luego, derivando (1.13) con respecto al tiempo, y comparando con (1.19) vemos

directamente que

ax = v̇x, ay = v̇y, az = v̇z. (1.20)

Por otro lado, en virtud de la relación (1.17), obtenemos

ax = ẍ, ay = ÿ, az = z̈. (1.21)

1.6 Módulos y productos

Ocasionalmente, tendremos que hacer operaciones que involucran productos de vec-

tores. Recordemos que el módulo || ~A|| de un vector dado ~A se define como

|| ~A|| ⌘

p
~A · ~A . (1.22)

Si en la base cartesiana el vector ~A se expande

~A = Axı̂+ Ay |̂+ Azk̂, (1.23)

entonces el módulo vendrá dado por

|| ~A|| =
q
A2

x + A2
y + A2

z, (1.24)

lo que corresponde al largo del vector. Por ejemplo, si la posición de una part́ıcula P

con respecto a O está dada por ~r = xı̂+ y|̂+ zk̂, entonces la distancia entre O y P es

||~r || =
p
x2 + y2 + z2. (1.25)
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Por otra parte, el módulo nos permite definir el concepto de rapidez. La rapidez

asociada a una velocidad ~v se define como su módulo:

⌫ ⌘ ||~v ||. (1.26)

Luego, si la velocidad de una part́ıcula en base cartesiana es ~v = vxı̂ + vy |̂ + vzk̂,

entonces su rapidez corresponde a

⌫ =
q
v2x + v2y + v2z . (1.27)

El concepto de módulo también permite una definición simple de ángulos entre vec-

tores: Para ser concretos, dado dos vectores ~A y ~B, el ángulo ↵ entre ellos puede ser

definido como

|| ~A|| || ~B|| cos↵ ⌘ ~A · ~B. (1.28)

La siguiente figura describe la situación:

�A
<latexit sha1_base64="xVyz/D4p1xNitjrNsQ2z3XgyOps=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9eKxgv2ANpTNdtKu3WTD7qZQQv+DFw+KePX/ePPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKllqhg2mBRStQOqUfAYG4Ybge1EIY0Cga1gdDert8aoNJfxo5kk6Ed0EPOQM2qs1eyOkZGbXrniVt25yCp4OVQgV71X/ur2JUsjjA0TVOuO5ybGz6gynAmclrqpxoSyER1gx2JMI9R+Nt92Ss6s0yehVPbFhszd3xMZjbSeRIHtjKgZ6uXazPyv1klNeO1nPE5SgzFbfBSmghhJZqeTPlfIjJhYoExxuythQ6ooMzagkg3BWz55FZoXVc/yw2WldpvHUYQTOIVz8OAKanAPdWgAgyd4hld4c6Tz4rw7H4vWgpPPHMMfOZ8/7zWOsQ==</latexit><latexit sha1_base64="xVyz/D4p1xNitjrNsQ2z3XgyOps=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9eKxgv2ANpTNdtKu3WTD7qZQQv+DFw+KePX/ePPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKllqhg2mBRStQOqUfAYG4Ybge1EIY0Cga1gdDert8aoNJfxo5kk6Ed0EPOQM2qs1eyOkZGbXrniVt25yCp4OVQgV71X/ur2JUsjjA0TVOuO5ybGz6gynAmclrqpxoSyER1gx2JMI9R+Nt92Ss6s0yehVPbFhszd3xMZjbSeRIHtjKgZ6uXazPyv1klNeO1nPE5SgzFbfBSmghhJZqeTPlfIjJhYoExxuythQ6ooMzagkg3BWz55FZoXVc/yw2WldpvHUYQTOIVz8OAKanAPdWgAgyd4hld4c6Tz4rw7H4vWgpPPHMMfOZ8/7zWOsQ==</latexit><latexit sha1_base64="xVyz/D4p1xNitjrNsQ2z3XgyOps=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9eKxgv2ANpTNdtKu3WTD7qZQQv+DFw+KePX/ePPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKllqhg2mBRStQOqUfAYG4Ybge1EIY0Cga1gdDert8aoNJfxo5kk6Ed0EPOQM2qs1eyOkZGbXrniVt25yCp4OVQgV71X/ur2JUsjjA0TVOuO5ybGz6gynAmclrqpxoSyER1gx2JMI9R+Nt92Ss6s0yehVPbFhszd3xMZjbSeRIHtjKgZ6uXazPyv1klNeO1nPE5SgzFbfBSmghhJZqeTPlfIjJhYoExxuythQ6ooMzagkg3BWz55FZoXVc/yw2WldpvHUYQTOIVz8OAKanAPdWgAgyd4hld4c6Tz4rw7H4vWgpPPHMMfOZ8/7zWOsQ==</latexit><latexit sha1_base64="xVyz/D4p1xNitjrNsQ2z3XgyOps=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9eKxgv2ANpTNdtKu3WTD7qZQQv+DFw+KePX/ePPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKllqhg2mBRStQOqUfAYG4Ybge1EIY0Cga1gdDert8aoNJfxo5kk6Ed0EPOQM2qs1eyOkZGbXrniVt25yCp4OVQgV71X/ur2JUsjjA0TVOuO5ybGz6gynAmclrqpxoSyER1gx2JMI9R+Nt92Ss6s0yehVPbFhszd3xMZjbSeRIHtjKgZ6uXazPyv1klNeO1nPE5SgzFbfBSmghhJZqeTPlfIjJhYoExxuythQ6ooMzagkg3BWz55FZoXVc/yw2WldpvHUYQTOIVz8OAKanAPdWgAgyd4hld4c6Tz4rw7H4vWgpPPHMMfOZ8/7zWOsQ==</latexit>

�B
<latexit sha1_base64="iNBMTMaD7YOLE3GNmb+rRFwxiH8=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY6sVjBfsBbSib7aRdu9mE3U2hhP4HLx4U8er/8ea/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH47t5vT1BpXksH800QT+iQ8lDzqixVqs3QUbq/XLFrboLkXXwcqhArka//NUbxCyNUBomqNZdz02Mn1FlOBM4K/VSjQllYzrErkVJI9R+tth2Ri6sMyBhrOyThizc3xMZjbSeRoHtjKgZ6dXa3Pyv1k1NeOtnXCapQcmWH4WpICYm89PJgCtkRkwtUKa43ZWwEVWUGRtQyYbgrZ68Dq2rqmf54bpSq+dxFOEMzuESPLiBGtxDA5rA4Ame4RXenNh5cd6dj2VrwclnTuGPnM8f8LmOsg==</latexit><latexit sha1_base64="iNBMTMaD7YOLE3GNmb+rRFwxiH8=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY6sVjBfsBbSib7aRdu9mE3U2hhP4HLx4U8er/8ea/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH47t5vT1BpXksH800QT+iQ8lDzqixVqs3QUbq/XLFrboLkXXwcqhArka//NUbxCyNUBomqNZdz02Mn1FlOBM4K/VSjQllYzrErkVJI9R+tth2Ri6sMyBhrOyThizc3xMZjbSeRoHtjKgZ6dXa3Pyv1k1NeOtnXCapQcmWH4WpICYm89PJgCtkRkwtUKa43ZWwEVWUGRtQyYbgrZ68Dq2rqmf54bpSq+dxFOEMzuESPLiBGtxDA5rA4Ame4RXenNh5cd6dj2VrwclnTuGPnM8f8LmOsg==</latexit><latexit sha1_base64="iNBMTMaD7YOLE3GNmb+rRFwxiH8=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY6sVjBfsBbSib7aRdu9mE3U2hhP4HLx4U8er/8ea/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH47t5vT1BpXksH800QT+iQ8lDzqixVqs3QUbq/XLFrboLkXXwcqhArka//NUbxCyNUBomqNZdz02Mn1FlOBM4K/VSjQllYzrErkVJI9R+tth2Ri6sMyBhrOyThizc3xMZjbSeRoHtjKgZ6dXa3Pyv1k1NeOtnXCapQcmWH4WpICYm89PJgCtkRkwtUKa43ZWwEVWUGRtQyYbgrZ68Dq2rqmf54bpSq+dxFOEMzuESPLiBGtxDA5rA4Ame4RXenNh5cd6dj2VrwclnTuGPnM8f8LmOsg==</latexit><latexit sha1_base64="iNBMTMaD7YOLE3GNmb+rRFwxiH8=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY6sVjBfsBbSib7aRdu9mE3U2hhP4HLx4U8er/8ea/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH47t5vT1BpXksH800QT+iQ8lDzqixVqs3QUbq/XLFrboLkXXwcqhArka//NUbxCyNUBomqNZdz02Mn1FlOBM4K/VSjQllYzrErkVJI9R+tth2Ri6sMyBhrOyThizc3xMZjbSeRoHtjKgZ6dXa3Pyv1k1NeOtnXCapQcmWH4WpICYm89PJgCtkRkwtUKa43ZWwEVWUGRtQyYbgrZ68Dq2rqmf54bpSq+dxFOEMzuESPLiBGtxDA5rA4Ame4RXenNh5cd6dj2VrwclnTuGPnM8f8LmOsg==</latexit>

�
<latexit sha1_base64="6EtSdgpKG2qhZbjGZ4j1QLtQzns=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qXMpmkbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY1KNWUNqoTS7QgNE1yyhuVWsHaiGcaRYK1ofDurt56YNlzJBztJWBjjUPIBp2id1eyiSEbYK1f8qj8XWYUghwrkqvfKX92+omnMpKUCjekEfmLDDLXlVLBpqZsaliAd45B1HEqMmQmz+bZTcuacPhko7Z60ZO7+nsgwNmYSR64zRjsyy7WZ+V+tk9rBdZhxmaSWSbr4aJAKYhWZnU76XDNqxcQBUs3droSOUCO1LqCSCyFYPnkVmhfVwPH9ZaV2k8dRhBM4hXMI4ApqcAd1aACFR3iGV3jzlPfivXsfi9aCl88cwx95nz+Lg48Y</latexit><latexit sha1_base64="6EtSdgpKG2qhZbjGZ4j1QLtQzns=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qXMpmkbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY1KNWUNqoTS7QgNE1yyhuVWsHaiGcaRYK1ofDurt56YNlzJBztJWBjjUPIBp2id1eyiSEbYK1f8qj8XWYUghwrkqvfKX92+omnMpKUCjekEfmLDDLXlVLBpqZsaliAd45B1HEqMmQmz+bZTcuacPhko7Z60ZO7+nsgwNmYSR64zRjsyy7WZ+V+tk9rBdZhxmaSWSbr4aJAKYhWZnU76XDNqxcQBUs3droSOUCO1LqCSCyFYPnkVmhfVwPH9ZaV2k8dRhBM4hXMI4ApqcAd1aACFR3iGV3jzlPfivXsfi9aCl88cwx95nz+Lg48Y</latexit><latexit sha1_base64="6EtSdgpKG2qhZbjGZ4j1QLtQzns=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qXMpmkbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY1KNWUNqoTS7QgNE1yyhuVWsHaiGcaRYK1ofDurt56YNlzJBztJWBjjUPIBp2id1eyiSEbYK1f8qj8XWYUghwrkqvfKX92+omnMpKUCjekEfmLDDLXlVLBpqZsaliAd45B1HEqMmQmz+bZTcuacPhko7Z60ZO7+nsgwNmYSR64zRjsyy7WZ+V+tk9rBdZhxmaSWSbr4aJAKYhWZnU76XDNqxcQBUs3droSOUCO1LqCSCyFYPnkVmhfVwPH9ZaV2k8dRhBM4hXMI4ApqcAd1aACFR3iGV3jzlPfivXsfi9aCl88cwx95nz+Lg48Y</latexit><latexit sha1_base64="6EtSdgpKG2qhZbjGZ4j1QLtQzns=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qXMpmkbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY1KNWUNqoTS7QgNE1yyhuVWsHaiGcaRYK1ofDurt56YNlzJBztJWBjjUPIBp2id1eyiSEbYK1f8qj8XWYUghwrkqvfKX92+omnMpKUCjekEfmLDDLXlVLBpqZsaliAd45B1HEqMmQmz+bZTcuacPhko7Z60ZO7+nsgwNmYSR64zRjsyy7WZ+V+tk9rBdZhxmaSWSbr4aJAKYhWZnU76XDNqxcQBUs3droSOUCO1LqCSCyFYPnkVmhfVwPH9ZaV2k8dRhBM4hXMI4ApqcAd1aACFR3iGV3jzlPfivXsfi9aCl88cwx95nz+Lg48Y</latexit>

También será conveniente contar con el concepto de producto cruz, el cual puede ser

introducido con la ayuda de las bases cartesianas. Definimos el producto cruz entre

los elementos ı̂, |̂ y k̂ como

ı̂ ⇥ ı̂ = |̂ ⇥ |̂ = k̂ ⇥ k̂ = 0, (1.29)

ı̂ ⇥ |̂ = �|̂ ⇥ ı̂ = k̂, (1.30)

|̂ ⇥ k̂ = �k̂ ⇥ |̂ = î, (1.31)

k̂ ⇥ ı̂ = �ı̂ ⇥ k̂ = ĵ. (1.32)

Estas definiciones permiten deducir que el producto cruz ~A ⇥ ~B entre dos vectores
~A = Axı̂+ Ay |̂+ Azk̂ y ~B = Bxı̂+By |̂+Bzk̂ viene dado por

~A ⇥ ~B = (AyBz � AzBy )̂ı+ (AzBx � AxBz)|̂+ (AxBy � AyBx)k̂. (1.33)
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Notemos que ~A ⇥ ~B = � ~B ⇥ ~A. Adicionalmente, es posible comprobar la siguiente

relación entre el productor cruz ~A⇥ ~B y el módulo de los vectores ~A y ~B, y el ángulo

común ↵:
~A ⇥ ~B = || ~A|| || ~B|| sin↵ n̂AB, (1.34)

donde n̂AB es un vector perpendicular a ~A y ~B, cuya orientación puede ser determi-

nada con la ayuda de la regla de la mano derecha (ver figura siguiente):

�A
<latexit sha1_base64="xVyz/D4p1xNitjrNsQ2z3XgyOps=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9eKxgv2ANpTNdtKu3WTD7qZQQv+DFw+KePX/ePPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKllqhg2mBRStQOqUfAYG4Ybge1EIY0Cga1gdDert8aoNJfxo5kk6Ed0EPOQM2qs1eyOkZGbXrniVt25yCp4OVQgV71X/ur2JUsjjA0TVOuO5ybGz6gynAmclrqpxoSyER1gx2JMI9R+Nt92Ss6s0yehVPbFhszd3xMZjbSeRIHtjKgZ6uXazPyv1klNeO1nPE5SgzFbfBSmghhJZqeTPlfIjJhYoExxuythQ6ooMzagkg3BWz55FZoXVc/yw2WldpvHUYQTOIVz8OAKanAPdWgAgyd4hld4c6Tz4rw7H4vWgpPPHMMfOZ8/7zWOsQ==</latexit><latexit sha1_base64="xVyz/D4p1xNitjrNsQ2z3XgyOps=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9eKxgv2ANpTNdtKu3WTD7qZQQv+DFw+KePX/ePPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKllqhg2mBRStQOqUfAYG4Ybge1EIY0Cga1gdDert8aoNJfxo5kk6Ed0EPOQM2qs1eyOkZGbXrniVt25yCp4OVQgV71X/ur2JUsjjA0TVOuO5ybGz6gynAmclrqpxoSyER1gx2JMI9R+Nt92Ss6s0yehVPbFhszd3xMZjbSeRIHtjKgZ6uXazPyv1klNeO1nPE5SgzFbfBSmghhJZqeTPlfIjJhYoExxuythQ6ooMzagkg3BWz55FZoXVc/yw2WldpvHUYQTOIVz8OAKanAPdWgAgyd4hld4c6Tz4rw7H4vWgpPPHMMfOZ8/7zWOsQ==</latexit><latexit sha1_base64="xVyz/D4p1xNitjrNsQ2z3XgyOps=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9eKxgv2ANpTNdtKu3WTD7qZQQv+DFw+KePX/ePPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKllqhg2mBRStQOqUfAYG4Ybge1EIY0Cga1gdDert8aoNJfxo5kk6Ed0EPOQM2qs1eyOkZGbXrniVt25yCp4OVQgV71X/ur2JUsjjA0TVOuO5ybGz6gynAmclrqpxoSyER1gx2JMI9R+Nt92Ss6s0yehVPbFhszd3xMZjbSeRIHtjKgZ6uXazPyv1klNeO1nPE5SgzFbfBSmghhJZqeTPlfIjJhYoExxuythQ6ooMzagkg3BWz55FZoXVc/yw2WldpvHUYQTOIVz8OAKanAPdWgAgyd4hld4c6Tz4rw7H4vWgpPPHMMfOZ8/7zWOsQ==</latexit><latexit sha1_base64="xVyz/D4p1xNitjrNsQ2z3XgyOps=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9eKxgv2ANpTNdtKu3WTD7qZQQv+DFw+KePX/ePPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKllqhg2mBRStQOqUfAYG4Ybge1EIY0Cga1gdDert8aoNJfxo5kk6Ed0EPOQM2qs1eyOkZGbXrniVt25yCp4OVQgV71X/ur2JUsjjA0TVOuO5ybGz6gynAmclrqpxoSyER1gx2JMI9R+Nt92Ss6s0yehVPbFhszd3xMZjbSeRIHtjKgZ6uXazPyv1klNeO1nPE5SgzFbfBSmghhJZqeTPlfIjJhYoExxuythQ6ooMzagkg3BWz55FZoXVc/yw2WldpvHUYQTOIVz8OAKanAPdWgAgyd4hld4c6Tz4rw7H4vWgpPPHMMfOZ8/7zWOsQ==</latexit>

�B
<latexit sha1_base64="iNBMTMaD7YOLE3GNmb+rRFwxiH8=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY6sVjBfsBbSib7aRdu9mE3U2hhP4HLx4U8er/8ea/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH47t5vT1BpXksH800QT+iQ8lDzqixVqs3QUbq/XLFrboLkXXwcqhArka//NUbxCyNUBomqNZdz02Mn1FlOBM4K/VSjQllYzrErkVJI9R+tth2Ri6sMyBhrOyThizc3xMZjbSeRoHtjKgZ6dXa3Pyv1k1NeOtnXCapQcmWH4WpICYm89PJgCtkRkwtUKa43ZWwEVWUGRtQyYbgrZ68Dq2rqmf54bpSq+dxFOEMzuESPLiBGtxDA5rA4Ame4RXenNh5cd6dj2VrwclnTuGPnM8f8LmOsg==</latexit><latexit sha1_base64="iNBMTMaD7YOLE3GNmb+rRFwxiH8=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY6sVjBfsBbSib7aRdu9mE3U2hhP4HLx4U8er/8ea/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH47t5vT1BpXksH800QT+iQ8lDzqixVqs3QUbq/XLFrboLkXXwcqhArka//NUbxCyNUBomqNZdz02Mn1FlOBM4K/VSjQllYzrErkVJI9R+tth2Ri6sMyBhrOyThizc3xMZjbSeRoHtjKgZ6dXa3Pyv1k1NeOtnXCapQcmWH4WpICYm89PJgCtkRkwtUKa43ZWwEVWUGRtQyYbgrZ68Dq2rqmf54bpSq+dxFOEMzuESPLiBGtxDA5rA4Ame4RXenNh5cd6dj2VrwclnTuGPnM8f8LmOsg==</latexit><latexit sha1_base64="iNBMTMaD7YOLE3GNmb+rRFwxiH8=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY6sVjBfsBbSib7aRdu9mE3U2hhP4HLx4U8er/8ea/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH47t5vT1BpXksH800QT+iQ8lDzqixVqs3QUbq/XLFrboLkXXwcqhArka//NUbxCyNUBomqNZdz02Mn1FlOBM4K/VSjQllYzrErkVJI9R+tth2Ri6sMyBhrOyThizc3xMZjbSeRoHtjKgZ6dXa3Pyv1k1NeOtnXCapQcmWH4WpICYm89PJgCtkRkwtUKa43ZWwEVWUGRtQyYbgrZ68Dq2rqmf54bpSq+dxFOEMzuESPLiBGtxDA5rA4Ame4RXenNh5cd6dj2VrwclnTuGPnM8f8LmOsg==</latexit><latexit sha1_base64="iNBMTMaD7YOLE3GNmb+rRFwxiH8=">AAAB7XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY6sVjBfsBbSib7aRdu9mE3U2hhP4HLx4U8er/8ea/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH47t5vT1BpXksH800QT+iQ8lDzqixVqs3QUbq/XLFrboLkXXwcqhArka//NUbxCyNUBomqNZdz02Mn1FlOBM4K/VSjQllYzrErkVJI9R+tth2Ri6sMyBhrOyThizc3xMZjbSeRoHtjKgZ6dXa3Pyv1k1NeOtnXCapQcmWH4WpICYm89PJgCtkRkwtUKa43ZWwEVWUGRtQyYbgrZ68Dq2rqmf54bpSq+dxFOEMzuESPLiBGtxDA5rA4Ame4RXenNh5cd6dj2VrwclnTuGPnM8f8LmOsg==</latexit>

�
<latexit sha1_base64="6EtSdgpKG2qhZbjGZ4j1QLtQzns=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qXMpmkbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY1KNWUNqoTS7QgNE1yyhuVWsHaiGcaRYK1ofDurt56YNlzJBztJWBjjUPIBp2id1eyiSEbYK1f8qj8XWYUghwrkqvfKX92+omnMpKUCjekEfmLDDLXlVLBpqZsaliAd45B1HEqMmQmz+bZTcuacPhko7Z60ZO7+nsgwNmYSR64zRjsyy7WZ+V+tk9rBdZhxmaSWSbr4aJAKYhWZnU76XDNqxcQBUs3droSOUCO1LqCSCyFYPnkVmhfVwPH9ZaV2k8dRhBM4hXMI4ApqcAd1aACFR3iGV3jzlPfivXsfi9aCl88cwx95nz+Lg48Y</latexit><latexit sha1_base64="6EtSdgpKG2qhZbjGZ4j1QLtQzns=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qXMpmkbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY1KNWUNqoTS7QgNE1yyhuVWsHaiGcaRYK1ofDurt56YNlzJBztJWBjjUPIBp2id1eyiSEbYK1f8qj8XWYUghwrkqvfKX92+omnMpKUCjekEfmLDDLXlVLBpqZsaliAd45B1HEqMmQmz+bZTcuacPhko7Z60ZO7+nsgwNmYSR64zRjsyy7WZ+V+tk9rBdZhxmaSWSbr4aJAKYhWZnU76XDNqxcQBUs3droSOUCO1LqCSCyFYPnkVmhfVwPH9ZaV2k8dRhBM4hXMI4ApqcAd1aACFR3iGV3jzlPfivXsfi9aCl88cwx95nz+Lg48Y</latexit><latexit sha1_base64="6EtSdgpKG2qhZbjGZ4j1QLtQzns=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qXMpmkbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY1KNWUNqoTS7QgNE1yyhuVWsHaiGcaRYK1ofDurt56YNlzJBztJWBjjUPIBp2id1eyiSEbYK1f8qj8XWYUghwrkqvfKX92+omnMpKUCjekEfmLDDLXlVLBpqZsaliAd45B1HEqMmQmz+bZTcuacPhko7Z60ZO7+nsgwNmYSR64zRjsyy7WZ+V+tk9rBdZhxmaSWSbr4aJAKYhWZnU76XDNqxcQBUs3droSOUCO1LqCSCyFYPnkVmhfVwPH9ZaV2k8dRhBM4hXMI4ApqcAd1aACFR3iGV3jzlPfivXsfi9aCl88cwx95nz+Lg48Y</latexit><latexit sha1_base64="6EtSdgpKG2qhZbjGZ4j1QLtQzns=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qXMpmkbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY1KNWUNqoTS7QgNE1yyhuVWsHaiGcaRYK1ofDurt56YNlzJBztJWBjjUPIBp2id1eyiSEbYK1f8qj8XWYUghwrkqvfKX92+omnMpKUCjekEfmLDDLXlVLBpqZsaliAd45B1HEqMmQmz+bZTcuacPhko7Z60ZO7+nsgwNmYSR64zRjsyy7WZ+V+tk9rBdZhxmaSWSbr4aJAKYhWZnU76XDNqxcQBUs3droSOUCO1LqCSCyFYPnkVmhfVwPH9ZaV2k8dRhBM4hXMI4ApqcAd1aACFR3iGV3jzlPfivXsfi9aCl88cwx95nz+Lg48Y</latexit>

n̂AB
<latexit sha1_base64="Nr6xNcJXfB9GHo1Ew2lkTH8bivU=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY68VjBfsBaSib7aZdutmE3YlQQn+GFw+KePXXePPfuG1z0OoLCw/vzLAzb5hKYdB1v5zS2vrG5lZ5u7Kzu7d/UD086pgk04y3WSIT3Qup4VIo3kaBkvdSzWkcSt4NJ7fzeveRayMS9YDTlAcxHSkRCUbRWn5/TJGoQX7TnA2qNbfuLkT+gldADQq1BtXP/jBhWcwVMkmN8T03xSCnGgWTfFbpZ4anlE3oiPsWFY25CfLFyjNyZp0hiRJtn0KycH9O5DQ2ZhqHtjOmODartbn5X83PMLoOcqHSDLliy4+iTBJMyPx+MhSaM5RTC5RpYXclbEw1ZWhTqtgQvNWT/0Lnou5Zvr+sNZpFHGU4gVM4Bw+uoAF30II2MEjgCV7g1UHn2Xlz3petJaeYOYZfcj6+AceVkOk=</latexit><latexit sha1_base64="Nr6xNcJXfB9GHo1Ew2lkTH8bivU=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY68VjBfsBaSib7aZdutmE3YlQQn+GFw+KePXXePPfuG1z0OoLCw/vzLAzb5hKYdB1v5zS2vrG5lZ5u7Kzu7d/UD086pgk04y3WSIT3Qup4VIo3kaBkvdSzWkcSt4NJ7fzeveRayMS9YDTlAcxHSkRCUbRWn5/TJGoQX7TnA2qNbfuLkT+gldADQq1BtXP/jBhWcwVMkmN8T03xSCnGgWTfFbpZ4anlE3oiPsWFY25CfLFyjNyZp0hiRJtn0KycH9O5DQ2ZhqHtjOmODartbn5X83PMLoOcqHSDLliy4+iTBJMyPx+MhSaM5RTC5RpYXclbEw1ZWhTqtgQvNWT/0Lnou5Zvr+sNZpFHGU4gVM4Bw+uoAF30II2MEjgCV7g1UHn2Xlz3petJaeYOYZfcj6+AceVkOk=</latexit><latexit sha1_base64="Nr6xNcJXfB9GHo1Ew2lkTH8bivU=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY68VjBfsBaSib7aZdutmE3YlQQn+GFw+KePXXePPfuG1z0OoLCw/vzLAzb5hKYdB1v5zS2vrG5lZ5u7Kzu7d/UD086pgk04y3WSIT3Qup4VIo3kaBkvdSzWkcSt4NJ7fzeveRayMS9YDTlAcxHSkRCUbRWn5/TJGoQX7TnA2qNbfuLkT+gldADQq1BtXP/jBhWcwVMkmN8T03xSCnGgWTfFbpZ4anlE3oiPsWFY25CfLFyjNyZp0hiRJtn0KycH9O5DQ2ZhqHtjOmODartbn5X83PMLoOcqHSDLliy4+iTBJMyPx+MhSaM5RTC5RpYXclbEw1ZWhTqtgQvNWT/0Lnou5Zvr+sNZpFHGU4gVM4Bw+uoAF30II2MEjgCV7g1UHn2Xlz3petJaeYOYZfcj6+AceVkOk=</latexit><latexit sha1_base64="Nr6xNcJXfB9GHo1Ew2lkTH8bivU=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY68VjBfsBaSib7aZdutmE3YlQQn+GFw+KePXXePPfuG1z0OoLCw/vzLAzb5hKYdB1v5zS2vrG5lZ5u7Kzu7d/UD086pgk04y3WSIT3Qup4VIo3kaBkvdSzWkcSt4NJ7fzeveRayMS9YDTlAcxHSkRCUbRWn5/TJGoQX7TnA2qNbfuLkT+gldADQq1BtXP/jBhWcwVMkmN8T03xSCnGgWTfFbpZ4anlE3oiPsWFY25CfLFyjNyZp0hiRJtn0KycH9O5DQ2ZhqHtjOmODartbn5X83PMLoOcqHSDLliy4+iTBJMyPx+MhSaM5RTC5RpYXclbEw1ZWhTqtgQvNWT/0Lnou5Zvr+sNZpFHGU4gVM4Bw+uoAF30II2MEjgCV7g1UHn2Xlz3petJaeYOYZfcj6+AceVkOk=</latexit>

En esta regla, los dedos ı́ndice y medio apuntan en las direcciones de ~A y ~B respec-

tivamente, con lo cual la orientación de n̂AB queda determinada por el pulgar.
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1.7 Coordenadas ciĺındricas

Habrán ocaciones en las cuales las coordenadas x, y y z resultarán poco convenientes.

Una alternativa es trabajar con coordenadas ciĺındricas, ⇢, � y z, que pueden ser

expresadas en términos x, y, y z de la siguiente forma:

⇢ =
p
x2 + y2, (1.35)

� = arctan
y

x
, (1.36)

z = z. (1.37)

La siguiente figura nos ayudará a visualizarlas:

x
<latexit sha1_base64="IArQpDG4Gw7Ax+5Wri9CZWKD4Bo=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1YQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A5juM/A==</latexit><latexit sha1_base64="IArQpDG4Gw7Ax+5Wri9CZWKD4Bo=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1YQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A5juM/A==</latexit><latexit sha1_base64="IArQpDG4Gw7Ax+5Wri9CZWKD4Bo=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1YQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A5juM/A==</latexit><latexit sha1_base64="IArQpDG4Gw7Ax+5Wri9CZWKD4Bo=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1YQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A5juM/A==</latexit>

y
<latexit sha1_base64="kBWpEtbVW3xlz0t9EJbdPDfcZn0=">AAAB6HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXjy2YD+gDWWznbRrN5uwuxFC6C/w4kERr/4kb/4bt20O2vrCwsM7M+zMGySCa+O6387a+sbm1nZpp7y7t39wWDk6bus4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcjerd55QaR7LB5Ml6Ed0JHnIGTXWamaDStWtuXORVfAKqEKhxqDy1R/GLI1QGiao1j3PTYyfU2U4Ezgt91ONCWUTOsKeRUkj1H4+X3RKzq0zJGGs7JOGzN3fEzmNtM6iwHZG1Iz1cm1m/lfrpSa88XMuk9SgZIuPwlQQE5PZ1WTIFTIjMguUKW53JWxMFWXGZlO2IXjLJ69C+7LmWW5eVeu3RRwlOIUzuAAPrqEO99CAFjBAeIZXeHMenRfn3flYtK45xcwJ/JHz+QPnv4z9</latexit><latexit sha1_base64="kBWpEtbVW3xlz0t9EJbdPDfcZn0=">AAAB6HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXjy2YD+gDWWznbRrN5uwuxFC6C/w4kERr/4kb/4bt20O2vrCwsM7M+zMGySCa+O6387a+sbm1nZpp7y7t39wWDk6bus4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcjerd55QaR7LB5Ml6Ed0JHnIGTXWamaDStWtuXORVfAKqEKhxqDy1R/GLI1QGiao1j3PTYyfU2U4Ezgt91ONCWUTOsKeRUkj1H4+X3RKzq0zJGGs7JOGzN3fEzmNtM6iwHZG1Iz1cm1m/lfrpSa88XMuk9SgZIuPwlQQE5PZ1WTIFTIjMguUKW53JWxMFWXGZlO2IXjLJ69C+7LmWW5eVeu3RRwlOIUzuAAPrqEO99CAFjBAeIZXeHMenRfn3flYtK45xcwJ/JHz+QPnv4z9</latexit><latexit sha1_base64="kBWpEtbVW3xlz0t9EJbdPDfcZn0=">AAAB6HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXjy2YD+gDWWznbRrN5uwuxFC6C/w4kERr/4kb/4bt20O2vrCwsM7M+zMGySCa+O6387a+sbm1nZpp7y7t39wWDk6bus4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcjerd55QaR7LB5Ml6Ed0JHnIGTXWamaDStWtuXORVfAKqEKhxqDy1R/GLI1QGiao1j3PTYyfU2U4Ezgt91ONCWUTOsKeRUkj1H4+X3RKzq0zJGGs7JOGzN3fEzmNtM6iwHZG1Iz1cm1m/lfrpSa88XMuk9SgZIuPwlQQE5PZ1WTIFTIjMguUKW53JWxMFWXGZlO2IXjLJ69C+7LmWW5eVeu3RRwlOIUzuAAPrqEO99CAFjBAeIZXeHMenRfn3flYtK45xcwJ/JHz+QPnv4z9</latexit><latexit sha1_base64="kBWpEtbVW3xlz0t9EJbdPDfcZn0=">AAAB6HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXjy2YD+gDWWznbRrN5uwuxFC6C/w4kERr/4kb/4bt20O2vrCwsM7M+zMGySCa+O6387a+sbm1nZpp7y7t39wWDk6bus4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcjerd55QaR7LB5Ml6Ed0JHnIGTXWamaDStWtuXORVfAKqEKhxqDy1R/GLI1QGiao1j3PTYyfU2U4Ezgt91ONCWUTOsKeRUkj1H4+X3RKzq0zJGGs7JOGzN3fEzmNtM6iwHZG1Iz1cm1m/lfrpSa88XMuk9SgZIuPwlQQE5PZ1WTIFTIjMguUKW53JWxMFWXGZlO2IXjLJ69C+7LmWW5eVeu3RRwlOIUzuAAPrqEO99CAFjBAeIZXeHMenRfn3flYtK45xcwJ/JHz+QPnv4z9</latexit>

z
<latexit sha1_base64="ZxpkeWP7OiuYrtNqeUSJ8s3zMA0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1QQ3+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A6UOM/g==</latexit><latexit sha1_base64="ZxpkeWP7OiuYrtNqeUSJ8s3zMA0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1QQ3+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A6UOM/g==</latexit><latexit sha1_base64="ZxpkeWP7OiuYrtNqeUSJ8s3zMA0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1QQ3+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A6UOM/g==</latexit><latexit sha1_base64="ZxpkeWP7OiuYrtNqeUSJ8s3zMA0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1QQ3+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A6UOM/g==</latexit>

�r
<latexit sha1_base64="cCrgZjPZ7lj6REmMyCm+c2bybUE=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOm1js8mSZAtl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OG0almmGdKaF0K6IGBZdYt9wKbCUaaRwJbEaju1m9OUZtuJKPdpJgGNOB5H3OqHVWozNGRnS3VPYr/lxkFYIcypCr1i19dXqKpTFKywQ1ph34iQ0zqi1nAqfFTmowoWxEB9h2KGmMJszm207JuXN6pK+0e9KSuft7IqOxMZM4cp0xtUOzXJuZ/9Xaqe3fhBmXSWpRssVH/VQQq8jsdNLjGpkVEweUae52JWxINWXWBVR0IQTLJ69C47ISOH64Kldv8zgKcApncAEBXEMV7qEGdWDwBM/wCm+e8l68d+9j0brm5TMn8Efe5w85iI7i</latexit><latexit sha1_base64="cCrgZjPZ7lj6REmMyCm+c2bybUE=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOm1js8mSZAtl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OG0almmGdKaF0K6IGBZdYt9wKbCUaaRwJbEaju1m9OUZtuJKPdpJgGNOB5H3OqHVWozNGRnS3VPYr/lxkFYIcypCr1i19dXqKpTFKywQ1ph34iQ0zqi1nAqfFTmowoWxEB9h2KGmMJszm207JuXN6pK+0e9KSuft7IqOxMZM4cp0xtUOzXJuZ/9Xaqe3fhBmXSWpRssVH/VQQq8jsdNLjGpkVEweUae52JWxINWXWBVR0IQTLJ69C47ISOH64Kldv8zgKcApncAEBXEMV7qEGdWDwBM/wCm+e8l68d+9j0brm5TMn8Efe5w85iI7i</latexit><latexit sha1_base64="cCrgZjPZ7lj6REmMyCm+c2bybUE=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOm1js8mSZAtl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OG0almmGdKaF0K6IGBZdYt9wKbCUaaRwJbEaju1m9OUZtuJKPdpJgGNOB5H3OqHVWozNGRnS3VPYr/lxkFYIcypCr1i19dXqKpTFKywQ1ph34iQ0zqi1nAqfFTmowoWxEB9h2KGmMJszm207JuXN6pK+0e9KSuft7IqOxMZM4cp0xtUOzXJuZ/9Xaqe3fhBmXSWpRssVH/VQQq8jsdNLjGpkVEweUae52JWxINWXWBVR0IQTLJ69C47ISOH64Kldv8zgKcApncAEBXEMV7qEGdWDwBM/wCm+e8l68d+9j0brm5TMn8Efe5w85iI7i</latexit><latexit sha1_base64="cCrgZjPZ7lj6REmMyCm+c2bybUE=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOm1js8mSZAtl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OG0almmGdKaF0K6IGBZdYt9wKbCUaaRwJbEaju1m9OUZtuJKPdpJgGNOB5H3OqHVWozNGRnS3VPYr/lxkFYIcypCr1i19dXqKpTFKywQ1ph34iQ0zqi1nAqfFTmowoWxEB9h2KGmMJszm207JuXN6pK+0e9KSuft7IqOxMZM4cp0xtUOzXJuZ/9Xaqe3fhBmXSWpRssVH/VQQq8jsdNLjGpkVEweUae52JWxINWXWBVR0IQTLJ69C47ISOH64Kldv8zgKcApncAEBXEMV7qEGdWDwBM/wCm+e8l68d+9j0brm5TMn8Efe5w85iI7i</latexit>

�
<latexit sha1_base64="yXjtFj01ayGEtbxyWlOC8kSd3gg=">AAAB63icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunFZwdZCG8pkOmmGziXMTIQS+gpuXCji1hdy59s4abPQ1h8GPv5zDnPOH6WcGev7315lbX1jc6u6XdvZ3ds/qB8edY3KNKEdorjSvQgbypmkHcssp71UUywiTh+jyW1Rf3yi2jAlH+w0paHAY8liRrAtrIFO1LDe8Jv+XGgVghIaUKo9rH8NRopkgkpLODamH/ipDXOsLSOczmqDzNAUkwke075DiQU1YT7fdYbOnDNCsdLuSYvm7u+JHAtjpiJynQLbxCzXCvO/Wj+z8XWYM5lmlkqy+CjOOLIKFYejEdOUWD51gIlmbldEEqwxsS6emgshWD55FboXzcDx/WWjdVPGUYUTOIVzCOAKWnAHbegAgQSe4RXePOG9eO/ex6K14pUzx/BH3ucPH66ORw==</latexit><latexit sha1_base64="yXjtFj01ayGEtbxyWlOC8kSd3gg=">AAAB63icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunFZwdZCG8pkOmmGziXMTIQS+gpuXCji1hdy59s4abPQ1h8GPv5zDnPOH6WcGev7315lbX1jc6u6XdvZ3ds/qB8edY3KNKEdorjSvQgbypmkHcssp71UUywiTh+jyW1Rf3yi2jAlH+w0paHAY8liRrAtrIFO1LDe8Jv+XGgVghIaUKo9rH8NRopkgkpLODamH/ipDXOsLSOczmqDzNAUkwke075DiQU1YT7fdYbOnDNCsdLuSYvm7u+JHAtjpiJynQLbxCzXCvO/Wj+z8XWYM5lmlkqy+CjOOLIKFYejEdOUWD51gIlmbldEEqwxsS6emgshWD55FboXzcDx/WWjdVPGUYUTOIVzCOAKWnAHbegAgQSe4RXePOG9eO/ex6K14pUzx/BH3ucPH66ORw==</latexit><latexit sha1_base64="yXjtFj01ayGEtbxyWlOC8kSd3gg=">AAAB63icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunFZwdZCG8pkOmmGziXMTIQS+gpuXCji1hdy59s4abPQ1h8GPv5zDnPOH6WcGev7315lbX1jc6u6XdvZ3ds/qB8edY3KNKEdorjSvQgbypmkHcssp71UUywiTh+jyW1Rf3yi2jAlH+w0paHAY8liRrAtrIFO1LDe8Jv+XGgVghIaUKo9rH8NRopkgkpLODamH/ipDXOsLSOczmqDzNAUkwke075DiQU1YT7fdYbOnDNCsdLuSYvm7u+JHAtjpiJynQLbxCzXCvO/Wj+z8XWYM5lmlkqy+CjOOLIKFYejEdOUWD51gIlmbldEEqwxsS6emgshWD55FboXzcDx/WWjdVPGUYUTOIVzCOAKWnAHbegAgQSe4RXePOG9eO/ex6K14pUzx/BH3ucPH66ORw==</latexit><latexit sha1_base64="yXjtFj01ayGEtbxyWlOC8kSd3gg=">AAAB63icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunFZwdZCG8pkOmmGziXMTIQS+gpuXCji1hdy59s4abPQ1h8GPv5zDnPOH6WcGev7315lbX1jc6u6XdvZ3ds/qB8edY3KNKEdorjSvQgbypmkHcssp71UUywiTh+jyW1Rf3yi2jAlH+w0paHAY8liRrAtrIFO1LDe8Jv+XGgVghIaUKo9rH8NRopkgkpLODamH/ipDXOsLSOczmqDzNAUkwke075DiQU1YT7fdYbOnDNCsdLuSYvm7u+JHAtjpiJynQLbxCzXCvO/Wj+z8XWYM5lmlkqy+CjOOLIKFYejEdOUWD51gIlmbldEEqwxsS6emgshWD55FboXzcDx/WWjdVPGUYUTOIVzCOAKWnAHbegAgQSe4RXePOG9eO/ex6K14pUzx/BH3ucPH66ORw==</latexit>

�
<latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit><latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit><latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit><latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit>

P
<latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit>

O
<latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit><latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit><latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit><latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit>

P �
<latexit sha1_base64="0C2EVdwBQIhpfJ/GKBU8ej38PmY=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF9FQSKeix6MVjFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH80kQT+iQ8lDzqix1kPjvF+uuFV3LrIKXg4VyNXol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz+abTsmZdQYkjJV90pC5+3sio5HWkyiwnRE1I71cm5n/1bqpCa/9jMskNSjZ4qMwFcTEZHY2GXCFzIiJBcoUt7sSNqKKMmPDKdkQvOWTV6F1WfUs39cq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+yPn8AQn6jQU=</latexit><latexit sha1_base64="0C2EVdwBQIhpfJ/GKBU8ej38PmY=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF9FQSKeix6MVjFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH80kQT+iQ8lDzqix1kPjvF+uuFV3LrIKXg4VyNXol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz+abTsmZdQYkjJV90pC5+3sio5HWkyiwnRE1I71cm5n/1bqpCa/9jMskNSjZ4qMwFcTEZHY2GXCFzIiJBcoUt7sSNqKKMmPDKdkQvOWTV6F1WfUs39cq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+yPn8AQn6jQU=</latexit><latexit sha1_base64="0C2EVdwBQIhpfJ/GKBU8ej38PmY=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF9FQSKeix6MVjFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH80kQT+iQ8lDzqix1kPjvF+uuFV3LrIKXg4VyNXol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz+abTsmZdQYkjJV90pC5+3sio5HWkyiwnRE1I71cm5n/1bqpCa/9jMskNSjZ4qMwFcTEZHY2GXCFzIiJBcoUt7sSNqKKMmPDKdkQvOWTV6F1WfUs39cq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+yPn8AQn6jQU=</latexit><latexit sha1_base64="0C2EVdwBQIhpfJ/GKBU8ej38PmY=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF9FQSKeix6MVjFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH80kQT+iQ8lDzqix1kPjvF+uuFV3LrIKXg4VyNXol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz+abTsmZdQYkjJV90pC5+3sio5HWkyiwnRE1I71cm5n/1bqpCa/9jMskNSjZ4qMwFcTEZHY2GXCFzIiJBcoUt7sSNqKKMmPDKdkQvOWTV6F1WfUs39cq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+yPn8AQn6jQU=</latexit>

La coordenada ⇢ corresponde a la distancia entre O y P
0 (la de la proyección de P

sobre el plano x-y). La coordenada � es el ángulo entre el eje x y la recta OP
0. Por

último, la altura z corresponde a la misma altura z de las coordenadas cartesianas.

Si conocemos las coordenadas x, y y z, necesariamente conocemos ⇢, � y z de forma

única. La afirmación inversa también es cierta. Es directo constatar que

x = ⇢ cos�, (1.38)

y = ⇢ sin�, (1.39)

z = z. (1.40)

9



1.8 Base ciĺındrica

Habiendo introducido coordenadas ciĺındricas, es natural definir una nueva base de

vectores unitarios, llamada base ciĺındrica, que consistirá en los siguientes vectores ⇢̂,

�̂, k̂:

⇢̂ ⌘ cos� ı̂+ sin� |̂, �̂ ⌘ � sin� ı̂+ cos� |̂, k̂ ⌘ k̂. (1.41)

Podemos visualizar estos vectores de la siguiente forma:

�r
<latexit sha1_base64="cCrgZjPZ7lj6REmMyCm+c2bybUE=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOm1js8mSZAtl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OG0almmGdKaF0K6IGBZdYt9wKbCUaaRwJbEaju1m9OUZtuJKPdpJgGNOB5H3OqHVWozNGRnS3VPYr/lxkFYIcypCr1i19dXqKpTFKywQ1ph34iQ0zqi1nAqfFTmowoWxEB9h2KGmMJszm207JuXN6pK+0e9KSuft7IqOxMZM4cp0xtUOzXJuZ/9Xaqe3fhBmXSWpRssVH/VQQq8jsdNLjGpkVEweUae52JWxINWXWBVR0IQTLJ69C47ISOH64Kldv8zgKcApncAEBXEMV7qEGdWDwBM/wCm+e8l68d+9j0brm5TMn8Efe5w85iI7i</latexit><latexit sha1_base64="cCrgZjPZ7lj6REmMyCm+c2bybUE=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOm1js8mSZAtl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OG0almmGdKaF0K6IGBZdYt9wKbCUaaRwJbEaju1m9OUZtuJKPdpJgGNOB5H3OqHVWozNGRnS3VPYr/lxkFYIcypCr1i19dXqKpTFKywQ1ph34iQ0zqi1nAqfFTmowoWxEB9h2KGmMJszm207JuXN6pK+0e9KSuft7IqOxMZM4cp0xtUOzXJuZ/9Xaqe3fhBmXSWpRssVH/VQQq8jsdNLjGpkVEweUae52JWxINWXWBVR0IQTLJ69C47ISOH64Kldv8zgKcApncAEBXEMV7qEGdWDwBM/wCm+e8l68d+9j0brm5TMn8Efe5w85iI7i</latexit><latexit sha1_base64="cCrgZjPZ7lj6REmMyCm+c2bybUE=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOm1js8mSZAtl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OG0almmGdKaF0K6IGBZdYt9wKbCUaaRwJbEaju1m9OUZtuJKPdpJgGNOB5H3OqHVWozNGRnS3VPYr/lxkFYIcypCr1i19dXqKpTFKywQ1ph34iQ0zqi1nAqfFTmowoWxEB9h2KGmMJszm207JuXN6pK+0e9KSuft7IqOxMZM4cp0xtUOzXJuZ/9Xaqe3fhBmXSWpRssVH/VQQq8jsdNLjGpkVEweUae52JWxINWXWBVR0IQTLJ69C47ISOH64Kldv8zgKcApncAEBXEMV7qEGdWDwBM/wCm+e8l68d+9j0brm5TMn8Efe5w85iI7i</latexit><latexit sha1_base64="cCrgZjPZ7lj6REmMyCm+c2bybUE=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOm1js8mSZAtl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OG0almmGdKaF0K6IGBZdYt9wKbCUaaRwJbEaju1m9OUZtuJKPdpJgGNOB5H3OqHVWozNGRnS3VPYr/lxkFYIcypCr1i19dXqKpTFKywQ1ph34iQ0zqi1nAqfFTmowoWxEB9h2KGmMJszm207JuXN6pK+0e9KSuft7IqOxMZM4cp0xtUOzXJuZ/9Xaqe3fhBmXSWpRssVH/VQQq8jsdNLjGpkVEweUae52JWxINWXWBVR0IQTLJ69C47ISOH64Kldv8zgKcApncAEBXEMV7qEGdWDwBM/wCm+e8l68d+9j0brm5TMn8Efe5w85iI7i</latexit>

�
<latexit sha1_base64="yXjtFj01ayGEtbxyWlOC8kSd3gg=">AAAB63icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunFZwdZCG8pkOmmGziXMTIQS+gpuXCji1hdy59s4abPQ1h8GPv5zDnPOH6WcGev7315lbX1jc6u6XdvZ3ds/qB8edY3KNKEdorjSvQgbypmkHcssp71UUywiTh+jyW1Rf3yi2jAlH+w0paHAY8liRrAtrIFO1LDe8Jv+XGgVghIaUKo9rH8NRopkgkpLODamH/ipDXOsLSOczmqDzNAUkwke075DiQU1YT7fdYbOnDNCsdLuSYvm7u+JHAtjpiJynQLbxCzXCvO/Wj+z8XWYM5lmlkqy+CjOOLIKFYejEdOUWD51gIlmbldEEqwxsS6emgshWD55FboXzcDx/WWjdVPGUYUTOIVzCOAKWnAHbegAgQSe4RXePOG9eO/ex6K14pUzx/BH3ucPH66ORw==</latexit><latexit sha1_base64="yXjtFj01ayGEtbxyWlOC8kSd3gg=">AAAB63icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunFZwdZCG8pkOmmGziXMTIQS+gpuXCji1hdy59s4abPQ1h8GPv5zDnPOH6WcGev7315lbX1jc6u6XdvZ3ds/qB8edY3KNKEdorjSvQgbypmkHcssp71UUywiTh+jyW1Rf3yi2jAlH+w0paHAY8liRrAtrIFO1LDe8Jv+XGgVghIaUKo9rH8NRopkgkpLODamH/ipDXOsLSOczmqDzNAUkwke075DiQU1YT7fdYbOnDNCsdLuSYvm7u+JHAtjpiJynQLbxCzXCvO/Wj+z8XWYM5lmlkqy+CjOOLIKFYejEdOUWD51gIlmbldEEqwxsS6emgshWD55FboXzcDx/WWjdVPGUYUTOIVzCOAKWnAHbegAgQSe4RXePOG9eO/ex6K14pUzx/BH3ucPH66ORw==</latexit><latexit sha1_base64="yXjtFj01ayGEtbxyWlOC8kSd3gg=">AAAB63icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunFZwdZCG8pkOmmGziXMTIQS+gpuXCji1hdy59s4abPQ1h8GPv5zDnPOH6WcGev7315lbX1jc6u6XdvZ3ds/qB8edY3KNKEdorjSvQgbypmkHcssp71UUywiTh+jyW1Rf3yi2jAlH+w0paHAY8liRrAtrIFO1LDe8Jv+XGgVghIaUKo9rH8NRopkgkpLODamH/ipDXOsLSOczmqDzNAUkwke075DiQU1YT7fdYbOnDNCsdLuSYvm7u+JHAtjpiJynQLbxCzXCvO/Wj+z8XWYM5lmlkqy+CjOOLIKFYejEdOUWD51gIlmbldEEqwxsS6emgshWD55FboXzcDx/WWjdVPGUYUTOIVzCOAKWnAHbegAgQSe4RXePOG9eO/ex6K14pUzx/BH3ucPH66ORw==</latexit><latexit sha1_base64="yXjtFj01ayGEtbxyWlOC8kSd3gg=">AAAB63icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunFZwdZCG8pkOmmGziXMTIQS+gpuXCji1hdy59s4abPQ1h8GPv5zDnPOH6WcGev7315lbX1jc6u6XdvZ3ds/qB8edY3KNKEdorjSvQgbypmkHcssp71UUywiTh+jyW1Rf3yi2jAlH+w0paHAY8liRrAtrIFO1LDe8Jv+XGgVghIaUKo9rH8NRopkgkpLODamH/ipDXOsLSOczmqDzNAUkwke075DiQU1YT7fdYbOnDNCsdLuSYvm7u+JHAtjpiJynQLbxCzXCvO/Wj+z8XWYM5lmlkqy+CjOOLIKFYejEdOUWD51gIlmbldEEqwxsS6emgshWD55FboXzcDx/WWjdVPGUYUTOIVzCOAKWnAHbegAgQSe4RXePOG9eO/ex6K14pUzx/BH3ucPH66ORw==</latexit>

�
<latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit><latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit><latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit><latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit>

P
<latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit>

�
<latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit><latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit><latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit><latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit>

�
<latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit><latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit><latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit><latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit>

�̂
<latexit sha1_base64="+r/yHFJ7w4rlv9eT7SpEpKC2iRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZoWTSTBubSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknSgU34LrfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNL9iBgmuGQd4CBYP9WMJJFgvWhyW/i9J6YNV/IBpikLEzKSPOaUgJX8YEwAB48JgfGg3nCb7hx4lXglaaAS7UH9KxgqmiVMAhXEGN9zUwhzooFTwWa1IDMsJXRCRsy3VJKEmTCfR57hM6sMcay0fRLwXP29kZPEmGkS2ckinFn2CvE/z88gvg5zLtMMmKSLj+JMYFC4uB8PuWYUxNQSQjW3WTEdE00o2JZqtgRv+eRV0r1oepbfXzZaN2UdVXSCTtE58tAVaqE71EYdRJFCz+gVvTngvDjvzsditOKUO8foD5zPHwRekRE=</latexit><latexit sha1_base64="+r/yHFJ7w4rlv9eT7SpEpKC2iRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZoWTSTBubSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknSgU34LrfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNL9iBgmuGQd4CBYP9WMJJFgvWhyW/i9J6YNV/IBpikLEzKSPOaUgJX8YEwAB48JgfGg3nCb7hx4lXglaaAS7UH9KxgqmiVMAhXEGN9zUwhzooFTwWa1IDMsJXRCRsy3VJKEmTCfR57hM6sMcay0fRLwXP29kZPEmGkS2ckinFn2CvE/z88gvg5zLtMMmKSLj+JMYFC4uB8PuWYUxNQSQjW3WTEdE00o2JZqtgRv+eRV0r1oepbfXzZaN2UdVXSCTtE58tAVaqE71EYdRJFCz+gVvTngvDjvzsditOKUO8foD5zPHwRekRE=</latexit><latexit sha1_base64="+r/yHFJ7w4rlv9eT7SpEpKC2iRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZoWTSTBubSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknSgU34LrfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNL9iBgmuGQd4CBYP9WMJJFgvWhyW/i9J6YNV/IBpikLEzKSPOaUgJX8YEwAB48JgfGg3nCb7hx4lXglaaAS7UH9KxgqmiVMAhXEGN9zUwhzooFTwWa1IDMsJXRCRsy3VJKEmTCfR57hM6sMcay0fRLwXP29kZPEmGkS2ckinFn2CvE/z88gvg5zLtMMmKSLj+JMYFC4uB8PuWYUxNQSQjW3WTEdE00o2JZqtgRv+eRV0r1oepbfXzZaN2UdVXSCTtE58tAVaqE71EYdRJFCz+gVvTngvDjvzsditOKUO8foD5zPHwRekRE=</latexit><latexit sha1_base64="+r/yHFJ7w4rlv9eT7SpEpKC2iRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZoWTSTBubSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknSgU34LrfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNL9iBgmuGQd4CBYP9WMJJFgvWhyW/i9J6YNV/IBpikLEzKSPOaUgJX8YEwAB48JgfGg3nCb7hx4lXglaaAS7UH9KxgqmiVMAhXEGN9zUwhzooFTwWa1IDMsJXRCRsy3VJKEmTCfR57hM6sMcay0fRLwXP29kZPEmGkS2ckinFn2CvE/z88gvg5zLtMMmKSLj+JMYFC4uB8PuWYUxNQSQjW3WTEdE00o2JZqtgRv+eRV0r1oepbfXzZaN2UdVXSCTtE58tAVaqE71EYdRJFCz+gVvTngvDjvzsditOKUO8foD5zPHwRekRE=</latexit>

k̂
<latexit sha1_base64="MJyThnKFklopy6PRXWSIJbn84M0=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02wbm02WZFYopf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVA45THiZ0oEQsGEVnNbtDimTUK1f8qj8XWYUghwrkqvfKX92+ZlnCFTJJre0EforhhBoUTPJpqZtZnlI2ogPecahowm04mW87JWfO6ZNYG/cUkrn7e2JCE2vHSeQ6E4pDu1ybmf/VOhnG1+FEqDRDrtjioziTBDWZnU76wnCGcuyAMiPcroQNqaEMXUAlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/yPn8ALUaO2g==</latexit><latexit sha1_base64="MJyThnKFklopy6PRXWSIJbn84M0=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02wbm02WZFYopf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVA45THiZ0oEQsGEVnNbtDimTUK1f8qj8XWYUghwrkqvfKX92+ZlnCFTJJre0EforhhBoUTPJpqZtZnlI2ogPecahowm04mW87JWfO6ZNYG/cUkrn7e2JCE2vHSeQ6E4pDu1ybmf/VOhnG1+FEqDRDrtjioziTBDWZnU76wnCGcuyAMiPcroQNqaEMXUAlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/yPn8ALUaO2g==</latexit><latexit sha1_base64="MJyThnKFklopy6PRXWSIJbn84M0=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02wbm02WZFYopf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVA45THiZ0oEQsGEVnNbtDimTUK1f8qj8XWYUghwrkqvfKX92+ZlnCFTJJre0EforhhBoUTPJpqZtZnlI2ogPecahowm04mW87JWfO6ZNYG/cUkrn7e2JCE2vHSeQ6E4pDu1ybmf/VOhnG1+FEqDRDrtjioziTBDWZnU76wnCGcuyAMiPcroQNqaEMXUAlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/yPn8ALUaO2g==</latexit><latexit sha1_base64="MJyThnKFklopy6PRXWSIJbn84M0=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02wbm02WZFYopf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVA45THiZ0oEQsGEVnNbtDimTUK1f8qj8XWYUghwrkqvfKX92+ZlnCFTJJre0EforhhBoUTPJpqZtZnlI2ogPecahowm04mW87JWfO6ZNYG/cUkrn7e2JCE2vHSeQ6E4pDu1ybmf/VOhnG1+FEqDRDrtjioziTBDWZnU76wnCGcuyAMiPcroQNqaEMXUAlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/yPn8ALUaO2g==</latexit>

ı̂
<latexit sha1_base64="ceHryc8WaJuW2N20lLaA68ZJN+s=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRS3x9TJL6IKY4H9YbbdOcgq8QrSQNKtAf1L3+oWBbzBJmkxvQ9N8UgpxoFk3xW8zPDU8omdMT7liY05ibI55Fn5MwqQxIpbV+CZK7+3shpbMw0Du1kEc4se4X4n9fPMLoOcpGkGfKELT6KMklQkeJ+MhSaM5RTSyjTwmYlbEw1ZWhbqtkSvOWTV0n3oulZfn/ZaN2UdVThBE7hHDy4ghbcQRs6wEDBM7zCm4POi/PufCxGK065cwx/4Hz+AALWkRA=</latexit><latexit sha1_base64="ceHryc8WaJuW2N20lLaA68ZJN+s=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRS3x9TJL6IKY4H9YbbdOcgq8QrSQNKtAf1L3+oWBbzBJmkxvQ9N8UgpxoFk3xW8zPDU8omdMT7liY05ibI55Fn5MwqQxIpbV+CZK7+3shpbMw0Du1kEc4se4X4n9fPMLoOcpGkGfKELT6KMklQkeJ+MhSaM5RTSyjTwmYlbEw1ZWhbqtkSvOWTV0n3oulZfn/ZaN2UdVThBE7hHDy4ghbcQRs6wEDBM7zCm4POi/PufCxGK065cwx/4Hz+AALWkRA=</latexit><latexit sha1_base64="ceHryc8WaJuW2N20lLaA68ZJN+s=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRS3x9TJL6IKY4H9YbbdOcgq8QrSQNKtAf1L3+oWBbzBJmkxvQ9N8UgpxoFk3xW8zPDU8omdMT7liY05ibI55Fn5MwqQxIpbV+CZK7+3shpbMw0Du1kEc4se4X4n9fPMLoOcpGkGfKELT6KMklQkeJ+MhSaM5RTSyjTwmYlbEw1ZWhbqtkSvOWTV0n3oulZfn/ZaN2UdVThBE7hHDy4ghbcQRs6wEDBM7zCm4POi/PufCxGK065cwx/4Hz+AALWkRA=</latexit><latexit sha1_base64="ceHryc8WaJuW2N20lLaA68ZJN+s=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRS3x9TJL6IKY4H9YbbdOcgq8QrSQNKtAf1L3+oWBbzBJmkxvQ9N8UgpxoFk3xW8zPDU8omdMT7liY05ibI55Fn5MwqQxIpbV+CZK7+3shpbMw0Du1kEc4se4X4n9fPMLoOcpGkGfKELT6KMklQkeJ+MhSaM5RTSyjTwmYlbEw1ZWhbqtkSvOWTV0n3oulZfn/ZaN2UdVThBE7hHDy4ghbcQRs6wEDBM7zCm4POi/PufCxGK065cwx/4Hz+AALWkRA=</latexit>

k̂
<latexit sha1_base64="MJyThnKFklopy6PRXWSIJbn84M0=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02wbm02WZFYopf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVA45THiZ0oEQsGEVnNbtDimTUK1f8qj8XWYUghwrkqvfKX92+ZlnCFTJJre0EforhhBoUTPJpqZtZnlI2ogPecahowm04mW87JWfO6ZNYG/cUkrn7e2JCE2vHSeQ6E4pDu1ybmf/VOhnG1+FEqDRDrtjioziTBDWZnU76wnCGcuyAMiPcroQNqaEMXUAlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/yPn8ALUaO2g==</latexit><latexit sha1_base64="MJyThnKFklopy6PRXWSIJbn84M0=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02wbm02WZFYopf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVA45THiZ0oEQsGEVnNbtDimTUK1f8qj8XWYUghwrkqvfKX92+ZlnCFTJJre0EforhhBoUTPJpqZtZnlI2ogPecahowm04mW87JWfO6ZNYG/cUkrn7e2JCE2vHSeQ6E4pDu1ybmf/VOhnG1+FEqDRDrtjioziTBDWZnU76wnCGcuyAMiPcroQNqaEMXUAlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/yPn8ALUaO2g==</latexit><latexit sha1_base64="MJyThnKFklopy6PRXWSIJbn84M0=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02wbm02WZFYopf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVA45THiZ0oEQsGEVnNbtDimTUK1f8qj8XWYUghwrkqvfKX92+ZlnCFTJJre0EforhhBoUTPJpqZtZnlI2ogPecahowm04mW87JWfO6ZNYG/cUkrn7e2JCE2vHSeQ6E4pDu1ybmf/VOhnG1+FEqDRDrtjioziTBDWZnU76wnCGcuyAMiPcroQNqaEMXUAlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/yPn8ALUaO2g==</latexit><latexit sha1_base64="MJyThnKFklopy6PRXWSIJbn84M0=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02wbm02WZFYopf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVA45THiZ0oEQsGEVnNbtDimTUK1f8qj8XWYUghwrkqvfKX92+ZlnCFTJJre0EforhhBoUTPJpqZtZnlI2ogPecahowm04mW87JWfO6ZNYG/cUkrn7e2JCE2vHSeQ6E4pDu1ybmf/VOhnG1+FEqDRDrtjioziTBDWZnU76wnCGcuyAMiPcroQNqaEMXUAlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/yPn8ALUaO2g==</latexit>

�̂
<latexit sha1_base64="A1O22qoNOterIHcY8TNuKCygZ7w=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QJpTNdtMs3WzC7kQopb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps014y3WCpT3Q2p4VIo3kKBknczzWkSSt4JR7ezeueJayNS9YDjjAcJHSoRCUbRWo9+TJH4WSz61Zpbd+ciq+AVUINCzX71yx+kLE+4QiapMT3PzTCYUI2CST6t+LnhGWUjOuQ9i4om3AST+cJTcmadAYlSbZ9CMnd/T0xoYsw4CW1nQjE2y7WZ+V+tl2N0HUyEynLkii0+inJJMCWz68lAaM5Qji1QpoXdlbCYasrQZlSxIXjLJ69C+6LuWb6/rDVuijjKcAKncA4eXEED7qAJLWCQwDO8wpujnRfn3flYtJacYuYY/sj5/AFzg5Aq</latexit><latexit sha1_base64="A1O22qoNOterIHcY8TNuKCygZ7w=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QJpTNdtMs3WzC7kQopb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps014y3WCpT3Q2p4VIo3kKBknczzWkSSt4JR7ezeueJayNS9YDjjAcJHSoRCUbRWo9+TJH4WSz61Zpbd+ciq+AVUINCzX71yx+kLE+4QiapMT3PzTCYUI2CST6t+LnhGWUjOuQ9i4om3AST+cJTcmadAYlSbZ9CMnd/T0xoYsw4CW1nQjE2y7WZ+V+tl2N0HUyEynLkii0+inJJMCWz68lAaM5Qji1QpoXdlbCYasrQZlSxIXjLJ69C+6LuWb6/rDVuijjKcAKncA4eXEED7qAJLWCQwDO8wpujnRfn3flYtJacYuYY/sj5/AFzg5Aq</latexit><latexit sha1_base64="A1O22qoNOterIHcY8TNuKCygZ7w=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QJpTNdtMs3WzC7kQopb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps014y3WCpT3Q2p4VIo3kKBknczzWkSSt4JR7ezeueJayNS9YDjjAcJHSoRCUbRWo9+TJH4WSz61Zpbd+ciq+AVUINCzX71yx+kLE+4QiapMT3PzTCYUI2CST6t+LnhGWUjOuQ9i4om3AST+cJTcmadAYlSbZ9CMnd/T0xoYsw4CW1nQjE2y7WZ+V+tl2N0HUyEynLkii0+inJJMCWz68lAaM5Qji1QpoXdlbCYasrQZlSxIXjLJ69C+6LuWb6/rDVuijjKcAKncA4eXEED7qAJLWCQwDO8wpujnRfn3flYtJacYuYY/sj5/AFzg5Aq</latexit><latexit sha1_base64="A1O22qoNOterIHcY8TNuKCygZ7w=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QJpTNdtMs3WzC7kQopb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps014y3WCpT3Q2p4VIo3kKBknczzWkSSt4JR7ezeueJayNS9YDjjAcJHSoRCUbRWo9+TJH4WSz61Zpbd+ciq+AVUINCzX71yx+kLE+4QiapMT3PzTCYUI2CST6t+LnhGWUjOuQ9i4om3AST+cJTcmadAYlSbZ9CMnd/T0xoYsw4CW1nQjE2y7WZ+V+tl2N0HUyEynLkii0+inJJMCWz68lAaM5Qji1QpoXdlbCYasrQZlSxIXjLJ69C+6LuWb6/rDVuijjKcAKncA4eXEED7qAJLWCQwDO8wpujnRfn3flYtJacYuYY/sj5/AFzg5Aq</latexit>

�̂
<latexit sha1_base64="+aLuM7hBjfSpPGsoNqtXi57l3Ts=">AAAB8HicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosunFZwV6kM5RMmumE5jIkZ4RS+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzx5ngFnz/2yutrW9sbpW3Kzu7e/sH1cOjttW5oaxFtdCmGxPLBFesBRwE62aGERkL1olHt7N654kZy7V6gHHGIkmGiiecEnDWY5gSwKFJdb9a8+v+XHgVggJqqFCzX/0KB5rmkimggljbC/wMogkxwKlg00qYW5YROiJD1nOoiGQ2mswXnuIz5wxwoo17CvDc/T0xIdLasYxdpySQ2uXazPyv1sshuY4mXGU5MEUXHyW5wKDx7Ho84IZREGMHhBrudsU0JYZQcBlVXAjB8smr0L6oB47vL2uNmyKOMjpBp+gcBegKNdAdaqIWokiiZ/SK3jzjvXjv3seiteQVM8foj7zPH3+nkDI=</latexit><latexit sha1_base64="+aLuM7hBjfSpPGsoNqtXi57l3Ts=">AAAB8HicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosunFZwV6kM5RMmumE5jIkZ4RS+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzx5ngFnz/2yutrW9sbpW3Kzu7e/sH1cOjttW5oaxFtdCmGxPLBFesBRwE62aGERkL1olHt7N654kZy7V6gHHGIkmGiiecEnDWY5gSwKFJdb9a8+v+XHgVggJqqFCzX/0KB5rmkimggljbC/wMogkxwKlg00qYW5YROiJD1nOoiGQ2mswXnuIz5wxwoo17CvDc/T0xIdLasYxdpySQ2uXazPyv1sshuY4mXGU5MEUXHyW5wKDx7Ho84IZREGMHhBrudsU0JYZQcBlVXAjB8smr0L6oB47vL2uNmyKOMjpBp+gcBegKNdAdaqIWokiiZ/SK3jzjvXjv3seiteQVM8foj7zPH3+nkDI=</latexit><latexit sha1_base64="+aLuM7hBjfSpPGsoNqtXi57l3Ts=">AAAB8HicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosunFZwV6kM5RMmumE5jIkZ4RS+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzx5ngFnz/2yutrW9sbpW3Kzu7e/sH1cOjttW5oaxFtdCmGxPLBFesBRwE62aGERkL1olHt7N654kZy7V6gHHGIkmGiiecEnDWY5gSwKFJdb9a8+v+XHgVggJqqFCzX/0KB5rmkimggljbC/wMogkxwKlg00qYW5YROiJD1nOoiGQ2mswXnuIz5wxwoo17CvDc/T0xIdLasYxdpySQ2uXazPyv1sshuY4mXGU5MEUXHyW5wKDx7Ho84IZREGMHhBrudsU0JYZQcBlVXAjB8smr0L6oB47vL2uNmyKOMjpBp+gcBegKNdAdaqIWokiiZ/SK3jzjvXjv3seiteQVM8foj7zPH3+nkDI=</latexit><latexit sha1_base64="+aLuM7hBjfSpPGsoNqtXi57l3Ts=">AAAB8HicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosunFZwV6kM5RMmumE5jIkZ4RS+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzx5ngFnz/2yutrW9sbpW3Kzu7e/sH1cOjttW5oaxFtdCmGxPLBFesBRwE62aGERkL1olHt7N654kZy7V6gHHGIkmGiiecEnDWY5gSwKFJdb9a8+v+XHgVggJqqFCzX/0KB5rmkimggljbC/wMogkxwKlg00qYW5YROiJD1nOoiGQ2mswXnuIz5wxwoo17CvDc/T0xIdLasYxdpySQ2uXazPyv1sshuY4mXGU5MEUXHyW5wKDx7Ho84IZREGMHhBrudsU0JYZQcBlVXAjB8smr0L6oB47vL2uNmyKOMjpBp+gcBegKNdAdaqIWokiiZ/SK3jzjvXjv3seiteQVM8foj7zPH3+nkDI=</latexit>

Noten que los vectores ⇢̂ y �̂, al estar definidos en términos de ı̂ y |̂, viven sobre el

plano x-y. Si nos enfocamos solo en este plano, podemos visualizar al par ⇢̂ y �̂ de la

siguiente forma:

�
<latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit><latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit><latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit><latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit>

�
<latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit><latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit><latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit><latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit>

�
<latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit><latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit><latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit><latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit>

ı̂
<latexit sha1_base64="ceHryc8WaJuW2N20lLaA68ZJN+s=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRS3x9TJL6IKY4H9YbbdOcgq8QrSQNKtAf1L3+oWBbzBJmkxvQ9N8UgpxoFk3xW8zPDU8omdMT7liY05ibI55Fn5MwqQxIpbV+CZK7+3shpbMw0Du1kEc4se4X4n9fPMLoOcpGkGfKELT6KMklQkeJ+MhSaM5RTSyjTwmYlbEw1ZWhbqtkSvOWTV0n3oulZfn/ZaN2UdVThBE7hHDy4ghbcQRs6wEDBM7zCm4POi/PufCxGK065cwx/4Hz+AALWkRA=</latexit><latexit sha1_base64="ceHryc8WaJuW2N20lLaA68ZJN+s=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRS3x9TJL6IKY4H9YbbdOcgq8QrSQNKtAf1L3+oWBbzBJmkxvQ9N8UgpxoFk3xW8zPDU8omdMT7liY05ibI55Fn5MwqQxIpbV+CZK7+3shpbMw0Du1kEc4se4X4n9fPMLoOcpGkGfKELT6KMklQkeJ+MhSaM5RTSyjTwmYlbEw1ZWhbqtkSvOWTV0n3oulZfn/ZaN2UdVThBE7hHDy4ghbcQRs6wEDBM7zCm4POi/PufCxGK065cwx/4Hz+AALWkRA=</latexit><latexit sha1_base64="ceHryc8WaJuW2N20lLaA68ZJN+s=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRS3x9TJL6IKY4H9YbbdOcgq8QrSQNKtAf1L3+oWBbzBJmkxvQ9N8UgpxoFk3xW8zPDU8omdMT7liY05ibI55Fn5MwqQxIpbV+CZK7+3shpbMw0Du1kEc4se4X4n9fPMLoOcpGkGfKELT6KMklQkeJ+MhSaM5RTSyjTwmYlbEw1ZWhbqtkSvOWTV0n3oulZfn/ZaN2UdVThBE7hHDy4ghbcQRs6wEDBM7zCm4POi/PufCxGK065cwx/4Hz+AALWkRA=</latexit><latexit sha1_base64="ceHryc8WaJuW2N20lLaA68ZJN+s=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRS3x9TJL6IKY4H9YbbdOcgq8QrSQNKtAf1L3+oWBbzBJmkxvQ9N8UgpxoFk3xW8zPDU8omdMT7liY05ibI55Fn5MwqQxIpbV+CZK7+3shpbMw0Du1kEc4se4X4n9fPMLoOcpGkGfKELT6KMklQkeJ+MhSaM5RTSyjTwmYlbEw1ZWhbqtkSvOWTV0n3oulZfn/ZaN2UdVThBE7hHDy4ghbcQRs6wEDBM7zCm4POi/PufCxGK065cwx/4Hz+AALWkRA=</latexit>

�̂
<latexit sha1_base64="A1O22qoNOterIHcY8TNuKCygZ7w=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QJpTNdtMs3WzC7kQopb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps014y3WCpT3Q2p4VIo3kKBknczzWkSSt4JR7ezeueJayNS9YDjjAcJHSoRCUbRWo9+TJH4WSz61Zpbd+ciq+AVUINCzX71yx+kLE+4QiapMT3PzTCYUI2CST6t+LnhGWUjOuQ9i4om3AST+cJTcmadAYlSbZ9CMnd/T0xoYsw4CW1nQjE2y7WZ+V+tl2N0HUyEynLkii0+inJJMCWz68lAaM5Qji1QpoXdlbCYasrQZlSxIXjLJ69C+6LuWb6/rDVuijjKcAKncA4eXEED7qAJLWCQwDO8wpujnRfn3flYtJacYuYY/sj5/AFzg5Aq</latexit><latexit sha1_base64="A1O22qoNOterIHcY8TNuKCygZ7w=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QJpTNdtMs3WzC7kQopb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps014y3WCpT3Q2p4VIo3kKBknczzWkSSt4JR7ezeueJayNS9YDjjAcJHSoRCUbRWo9+TJH4WSz61Zpbd+ciq+AVUINCzX71yx+kLE+4QiapMT3PzTCYUI2CST6t+LnhGWUjOuQ9i4om3AST+cJTcmadAYlSbZ9CMnd/T0xoYsw4CW1nQjE2y7WZ+V+tl2N0HUyEynLkii0+inJJMCWz68lAaM5Qji1QpoXdlbCYasrQZlSxIXjLJ69C+6LuWb6/rDVuijjKcAKncA4eXEED7qAJLWCQwDO8wpujnRfn3flYtJacYuYY/sj5/AFzg5Aq</latexit><latexit sha1_base64="A1O22qoNOterIHcY8TNuKCygZ7w=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QJpTNdtMs3WzC7kQopb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps014y3WCpT3Q2p4VIo3kKBknczzWkSSt4JR7ezeueJayNS9YDjjAcJHSoRCUbRWo9+TJH4WSz61Zpbd+ciq+AVUINCzX71yx+kLE+4QiapMT3PzTCYUI2CST6t+LnhGWUjOuQ9i4om3AST+cJTcmadAYlSbZ9CMnd/T0xoYsw4CW1nQjE2y7WZ+V+tl2N0HUyEynLkii0+inJJMCWz68lAaM5Qji1QpoXdlbCYasrQZlSxIXjLJ69C+6LuWb6/rDVuijjKcAKncA4eXEED7qAJLWCQwDO8wpujnRfn3flYtJacYuYY/sj5/AFzg5Aq</latexit><latexit sha1_base64="A1O22qoNOterIHcY8TNuKCygZ7w=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QJpTNdtMs3WzC7kQopb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps014y3WCpT3Q2p4VIo3kKBknczzWkSSt4JR7ezeueJayNS9YDjjAcJHSoRCUbRWo9+TJH4WSz61Zpbd+ciq+AVUINCzX71yx+kLE+4QiapMT3PzTCYUI2CST6t+LnhGWUjOuQ9i4om3AST+cJTcmadAYlSbZ9CMnd/T0xoYsw4CW1nQjE2y7WZ+V+tl2N0HUyEynLkii0+inJJMCWz68lAaM5Qji1QpoXdlbCYasrQZlSxIXjLJ69C+6LuWb6/rDVuijjKcAKncA4eXEED7qAJLWCQwDO8wpujnRfn3flYtJacYuYY/sj5/AFzg5Aq</latexit>

�̂
<latexit sha1_base64="+aLuM7hBjfSpPGsoNqtXi57l3Ts=">AAAB8HicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosunFZwV6kM5RMmumE5jIkZ4RS+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzx5ngFnz/2yutrW9sbpW3Kzu7e/sH1cOjttW5oaxFtdCmGxPLBFesBRwE62aGERkL1olHt7N654kZy7V6gHHGIkmGiiecEnDWY5gSwKFJdb9a8+v+XHgVggJqqFCzX/0KB5rmkimggljbC/wMogkxwKlg00qYW5YROiJD1nOoiGQ2mswXnuIz5wxwoo17CvDc/T0xIdLasYxdpySQ2uXazPyv1sshuY4mXGU5MEUXHyW5wKDx7Ho84IZREGMHhBrudsU0JYZQcBlVXAjB8smr0L6oB47vL2uNmyKOMjpBp+gcBegKNdAdaqIWokiiZ/SK3jzjvXjv3seiteQVM8foj7zPH3+nkDI=</latexit><latexit sha1_base64="+aLuM7hBjfSpPGsoNqtXi57l3Ts=">AAAB8HicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosunFZwV6kM5RMmumE5jIkZ4RS+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzx5ngFnz/2yutrW9sbpW3Kzu7e/sH1cOjttW5oaxFtdCmGxPLBFesBRwE62aGERkL1olHt7N654kZy7V6gHHGIkmGiiecEnDWY5gSwKFJdb9a8+v+XHgVggJqqFCzX/0KB5rmkimggljbC/wMogkxwKlg00qYW5YROiJD1nOoiGQ2mswXnuIz5wxwoo17CvDc/T0xIdLasYxdpySQ2uXazPyv1sshuY4mXGU5MEUXHyW5wKDx7Ho84IZREGMHhBrudsU0JYZQcBlVXAjB8smr0L6oB47vL2uNmyKOMjpBp+gcBegKNdAdaqIWokiiZ/SK3jzjvXjv3seiteQVM8foj7zPH3+nkDI=</latexit><latexit sha1_base64="+aLuM7hBjfSpPGsoNqtXi57l3Ts=">AAAB8HicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosunFZwV6kM5RMmumE5jIkZ4RS+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzx5ngFnz/2yutrW9sbpW3Kzu7e/sH1cOjttW5oaxFtdCmGxPLBFesBRwE62aGERkL1olHt7N654kZy7V6gHHGIkmGiiecEnDWY5gSwKFJdb9a8+v+XHgVggJqqFCzX/0KB5rmkimggljbC/wMogkxwKlg00qYW5YROiJD1nOoiGQ2mswXnuIz5wxwoo17CvDc/T0xIdLasYxdpySQ2uXazPyv1sshuY4mXGU5MEUXHyW5wKDx7Ho84IZREGMHhBrudsU0JYZQcBlVXAjB8smr0L6oB47vL2uNmyKOMjpBp+gcBegKNdAdaqIWokiiZ/SK3jzjvXjv3seiteQVM8foj7zPH3+nkDI=</latexit><latexit sha1_base64="+aLuM7hBjfSpPGsoNqtXi57l3Ts=">AAAB8HicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosunFZwV6kM5RMmumE5jIkZ4RS+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzx5ngFnz/2yutrW9sbpW3Kzu7e/sH1cOjttW5oaxFtdCmGxPLBFesBRwE62aGERkL1olHt7N654kZy7V6gHHGIkmGiiecEnDWY5gSwKFJdb9a8+v+XHgVggJqqFCzX/0KB5rmkimggljbC/wMogkxwKlg00qYW5YROiJD1nOoiGQ2mswXnuIz5wxwoo17CvDc/T0xIdLasYxdpySQ2uXazPyv1sshuY4mXGU5MEUXHyW5wKDx7Ho84IZREGMHhBrudsU0JYZQcBlVXAjB8smr0L6oB47vL2uNmyKOMjpBp+gcBegKNdAdaqIWokiiZ/SK3jzjvXjv3seiteQVM8foj7zPH3+nkDI=</latexit>

�̂
<latexit sha1_base64="+r/yHFJ7w4rlv9eT7SpEpKC2iRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZoWTSTBubSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknSgU34LrfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNL9iBgmuGQd4CBYP9WMJJFgvWhyW/i9J6YNV/IBpikLEzKSPOaUgJX8YEwAB48JgfGg3nCb7hx4lXglaaAS7UH9KxgqmiVMAhXEGN9zUwhzooFTwWa1IDMsJXRCRsy3VJKEmTCfR57hM6sMcay0fRLwXP29kZPEmGkS2ckinFn2CvE/z88gvg5zLtMMmKSLj+JMYFC4uB8PuWYUxNQSQjW3WTEdE00o2JZqtgRv+eRV0r1oepbfXzZaN2UdVXSCTtE58tAVaqE71EYdRJFCz+gVvTngvDjvzsditOKUO8foD5zPHwRekRE=</latexit><latexit sha1_base64="+r/yHFJ7w4rlv9eT7SpEpKC2iRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZoWTSTBubSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknSgU34LrfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNL9iBgmuGQd4CBYP9WMJJFgvWhyW/i9J6YNV/IBpikLEzKSPOaUgJX8YEwAB48JgfGg3nCb7hx4lXglaaAS7UH9KxgqmiVMAhXEGN9zUwhzooFTwWa1IDMsJXRCRsy3VJKEmTCfR57hM6sMcay0fRLwXP29kZPEmGkS2ckinFn2CvE/z88gvg5zLtMMmKSLj+JMYFC4uB8PuWYUxNQSQjW3WTEdE00o2JZqtgRv+eRV0r1oepbfXzZaN2UdVXSCTtE58tAVaqE71EYdRJFCz+gVvTngvDjvzsditOKUO8foD5zPHwRekRE=</latexit><latexit sha1_base64="+r/yHFJ7w4rlv9eT7SpEpKC2iRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZoWTSTBubSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknSgU34LrfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNL9iBgmuGQd4CBYP9WMJJFgvWhyW/i9J6YNV/IBpikLEzKSPOaUgJX8YEwAB48JgfGg3nCb7hx4lXglaaAS7UH9KxgqmiVMAhXEGN9zUwhzooFTwWa1IDMsJXRCRsy3VJKEmTCfR57hM6sMcay0fRLwXP29kZPEmGkS2ckinFn2CvE/z88gvg5zLtMMmKSLj+JMYFC4uB8PuWYUxNQSQjW3WTEdE00o2JZqtgRv+eRV0r1oepbfXzZaN2UdVXSCTtE58tAVaqE71EYdRJFCz+gVvTngvDjvzsditOKUO8foD5zPHwRekRE=</latexit><latexit sha1_base64="+r/yHFJ7w4rlv9eT7SpEpKC2iRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZoWTSTBubSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknSgU34LrfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNL9iBgmuGQd4CBYP9WMJJFgvWhyW/i9J6YNV/IBpikLEzKSPOaUgJX8YEwAB48JgfGg3nCb7hx4lXglaaAS7UH9KxgqmiVMAhXEGN9zUwhzooFTwWa1IDMsJXRCRsy3VJKEmTCfR57hM6sMcay0fRLwXP29kZPEmGkS2ckinFn2CvE/z88gvg5zLtMMmKSLj+JMYFC4uB8PuWYUxNQSQjW3WTEdE00o2JZqtgRv+eRV0r1oepbfXzZaN2UdVXSCTtE58tAVaqE71EYdRJFCz+gVvTngvDjvzsditOKUO8foD5zPHwRekRE=</latexit>

�
<latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit><latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit><latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit><latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit>

�̂
<latexit sha1_base64="A1O22qoNOterIHcY8TNuKCygZ7w=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QJpTNdtMs3WzC7kQopb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps014y3WCpT3Q2p4VIo3kKBknczzWkSSt4JR7ezeueJayNS9YDjjAcJHSoRCUbRWo9+TJH4WSz61Zpbd+ciq+AVUINCzX71yx+kLE+4QiapMT3PzTCYUI2CST6t+LnhGWUjOuQ9i4om3AST+cJTcmadAYlSbZ9CMnd/T0xoYsw4CW1nQjE2y7WZ+V+tl2N0HUyEynLkii0+inJJMCWz68lAaM5Qji1QpoXdlbCYasrQZlSxIXjLJ69C+6LuWb6/rDVuijjKcAKncA4eXEED7qAJLWCQwDO8wpujnRfn3flYtJacYuYY/sj5/AFzg5Aq</latexit><latexit sha1_base64="A1O22qoNOterIHcY8TNuKCygZ7w=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QJpTNdtMs3WzC7kQopb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps014y3WCpT3Q2p4VIo3kKBknczzWkSSt4JR7ezeueJayNS9YDjjAcJHSoRCUbRWo9+TJH4WSz61Zpbd+ciq+AVUINCzX71yx+kLE+4QiapMT3PzTCYUI2CST6t+LnhGWUjOuQ9i4om3AST+cJTcmadAYlSbZ9CMnd/T0xoYsw4CW1nQjE2y7WZ+V+tl2N0HUyEynLkii0+inJJMCWz68lAaM5Qji1QpoXdlbCYasrQZlSxIXjLJ69C+6LuWb6/rDVuijjKcAKncA4eXEED7qAJLWCQwDO8wpujnRfn3flYtJacYuYY/sj5/AFzg5Aq</latexit><latexit sha1_base64="A1O22qoNOterIHcY8TNuKCygZ7w=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QJpTNdtMs3WzC7kQopb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps014y3WCpT3Q2p4VIo3kKBknczzWkSSt4JR7ezeueJayNS9YDjjAcJHSoRCUbRWo9+TJH4WSz61Zpbd+ciq+AVUINCzX71yx+kLE+4QiapMT3PzTCYUI2CST6t+LnhGWUjOuQ9i4om3AST+cJTcmadAYlSbZ9CMnd/T0xoYsw4CW1nQjE2y7WZ+V+tl2N0HUyEynLkii0+inJJMCWz68lAaM5Qji1QpoXdlbCYasrQZlSxIXjLJ69C+6LuWb6/rDVuijjKcAKncA4eXEED7qAJLWCQwDO8wpujnRfn3flYtJacYuYY/sj5/AFzg5Aq</latexit><latexit sha1_base64="A1O22qoNOterIHcY8TNuKCygZ7w=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QJpTNdtMs3WzC7kQopb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps014y3WCpT3Q2p4VIo3kKBknczzWkSSt4JR7ezeueJayNS9YDjjAcJHSoRCUbRWo9+TJH4WSz61Zpbd+ciq+AVUINCzX71yx+kLE+4QiapMT3PzTCYUI2CST6t+LnhGWUjOuQ9i4om3AST+cJTcmadAYlSbZ9CMnd/T0xoYsw4CW1nQjE2y7WZ+V+tl2N0HUyEynLkii0+inJJMCWz68lAaM5Qji1QpoXdlbCYasrQZlSxIXjLJ69C+6LuWb6/rDVuijjKcAKncA4eXEED7qAJLWCQwDO8wpujnRfn3flYtJacYuYY/sj5/AFzg5Aq</latexit>

�̂
<latexit sha1_base64="+aLuM7hBjfSpPGsoNqtXi57l3Ts=">AAAB8HicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosunFZwV6kM5RMmumE5jIkZ4RS+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzx5ngFnz/2yutrW9sbpW3Kzu7e/sH1cOjttW5oaxFtdCmGxPLBFesBRwE62aGERkL1olHt7N654kZy7V6gHHGIkmGiiecEnDWY5gSwKFJdb9a8+v+XHgVggJqqFCzX/0KB5rmkimggljbC/wMogkxwKlg00qYW5YROiJD1nOoiGQ2mswXnuIz5wxwoo17CvDc/T0xIdLasYxdpySQ2uXazPyv1sshuY4mXGU5MEUXHyW5wKDx7Ho84IZREGMHhBrudsU0JYZQcBlVXAjB8smr0L6oB47vL2uNmyKOMjpBp+gcBegKNdAdaqIWokiiZ/SK3jzjvXjv3seiteQVM8foj7zPH3+nkDI=</latexit><latexit sha1_base64="+aLuM7hBjfSpPGsoNqtXi57l3Ts=">AAAB8HicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosunFZwV6kM5RMmumE5jIkZ4RS+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzx5ngFnz/2yutrW9sbpW3Kzu7e/sH1cOjttW5oaxFtdCmGxPLBFesBRwE62aGERkL1olHt7N654kZy7V6gHHGIkmGiiecEnDWY5gSwKFJdb9a8+v+XHgVggJqqFCzX/0KB5rmkimggljbC/wMogkxwKlg00qYW5YROiJD1nOoiGQ2mswXnuIz5wxwoo17CvDc/T0xIdLasYxdpySQ2uXazPyv1sshuY4mXGU5MEUXHyW5wKDx7Ho84IZREGMHhBrudsU0JYZQcBlVXAjB8smr0L6oB47vL2uNmyKOMjpBp+gcBegKNdAdaqIWokiiZ/SK3jzjvXjv3seiteQVM8foj7zPH3+nkDI=</latexit><latexit sha1_base64="+aLuM7hBjfSpPGsoNqtXi57l3Ts=">AAAB8HicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosunFZwV6kM5RMmumE5jIkZ4RS+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzx5ngFnz/2yutrW9sbpW3Kzu7e/sH1cOjttW5oaxFtdCmGxPLBFesBRwE62aGERkL1olHt7N654kZy7V6gHHGIkmGiiecEnDWY5gSwKFJdb9a8+v+XHgVggJqqFCzX/0KB5rmkimggljbC/wMogkxwKlg00qYW5YROiJD1nOoiGQ2mswXnuIz5wxwoo17CvDc/T0xIdLasYxdpySQ2uXazPyv1sshuY4mXGU5MEUXHyW5wKDx7Ho84IZREGMHhBrudsU0JYZQcBlVXAjB8smr0L6oB47vL2uNmyKOMjpBp+gcBegKNdAdaqIWokiiZ/SK3jzjvXjv3seiteQVM8foj7zPH3+nkDI=</latexit><latexit sha1_base64="+aLuM7hBjfSpPGsoNqtXi57l3Ts=">AAAB8HicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosunFZwV6kM5RMmumE5jIkZ4RS+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzx5ngFnz/2yutrW9sbpW3Kzu7e/sH1cOjttW5oaxFtdCmGxPLBFesBRwE62aGERkL1olHt7N654kZy7V6gHHGIkmGiiecEnDWY5gSwKFJdb9a8+v+XHgVggJqqFCzX/0KB5rmkimggljbC/wMogkxwKlg00qYW5YROiJD1nOoiGQ2mswXnuIz5wxwoo17CvDc/T0xIdLasYxdpySQ2uXazPyv1sshuY4mXGU5MEUXHyW5wKDx7Ho84IZREGMHhBrudsU0JYZQcBlVXAjB8smr0L6oB47vL2uNmyKOMjpBp+gcBegKNdAdaqIWokiiZ/SK3jzjvXjv3seiteQVM8foj7zPH3+nkDI=</latexit>

ı̂
<latexit sha1_base64="ceHryc8WaJuW2N20lLaA68ZJN+s=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRS3x9TJL6IKY4H9YbbdOcgq8QrSQNKtAf1L3+oWBbzBJmkxvQ9N8UgpxoFk3xW8zPDU8omdMT7liY05ibI55Fn5MwqQxIpbV+CZK7+3shpbMw0Du1kEc4se4X4n9fPMLoOcpGkGfKELT6KMklQkeJ+MhSaM5RTSyjTwmYlbEw1ZWhbqtkSvOWTV0n3oulZfn/ZaN2UdVThBE7hHDy4ghbcQRs6wEDBM7zCm4POi/PufCxGK065cwx/4Hz+AALWkRA=</latexit><latexit sha1_base64="ceHryc8WaJuW2N20lLaA68ZJN+s=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRS3x9TJL6IKY4H9YbbdOcgq8QrSQNKtAf1L3+oWBbzBJmkxvQ9N8UgpxoFk3xW8zPDU8omdMT7liY05ibI55Fn5MwqQxIpbV+CZK7+3shpbMw0Du1kEc4se4X4n9fPMLoOcpGkGfKELT6KMklQkeJ+MhSaM5RTSyjTwmYlbEw1ZWhbqtkSvOWTV0n3oulZfn/ZaN2UdVThBE7hHDy4ghbcQRs6wEDBM7zCm4POi/PufCxGK065cwx/4Hz+AALWkRA=</latexit><latexit sha1_base64="ceHryc8WaJuW2N20lLaA68ZJN+s=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRS3x9TJL6IKY4H9YbbdOcgq8QrSQNKtAf1L3+oWBbzBJmkxvQ9N8UgpxoFk3xW8zPDU8omdMT7liY05ibI55Fn5MwqQxIpbV+CZK7+3shpbMw0Du1kEc4se4X4n9fPMLoOcpGkGfKELT6KMklQkeJ+MhSaM5RTSyjTwmYlbEw1ZWhbqtkSvOWTV0n3oulZfn/ZaN2UdVThBE7hHDy4ghbcQRs6wEDBM7zCm4POi/PufCxGK065cwx/4Hz+AALWkRA=</latexit><latexit sha1_base64="ceHryc8WaJuW2N20lLaA68ZJN+s=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRS3x9TJL6IKY4H9YbbdOcgq8QrSQNKtAf1L3+oWBbzBJmkxvQ9N8UgpxoFk3xW8zPDU8omdMT7liY05ibI55Fn5MwqQxIpbV+CZK7+3shpbMw0Du1kEc4se4X4n9fPMLoOcpGkGfKELT6KMklQkeJ+MhSaM5RTSyjTwmYlbEw1ZWhbqtkSvOWTV0n3oulZfn/ZaN2UdVThBE7hHDy4ghbcQRs6wEDBM7zCm4POi/PufCxGK065cwx/4Hz+AALWkRA=</latexit>

�̂
<latexit sha1_base64="+r/yHFJ7w4rlv9eT7SpEpKC2iRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZoWTSTBubSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknSgU34LrfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNL9iBgmuGQd4CBYP9WMJJFgvWhyW/i9J6YNV/IBpikLEzKSPOaUgJX8YEwAB48JgfGg3nCb7hx4lXglaaAS7UH9KxgqmiVMAhXEGN9zUwhzooFTwWa1IDMsJXRCRsy3VJKEmTCfR57hM6sMcay0fRLwXP29kZPEmGkS2ckinFn2CvE/z88gvg5zLtMMmKSLj+JMYFC4uB8PuWYUxNQSQjW3WTEdE00o2JZqtgRv+eRV0r1oepbfXzZaN2UdVXSCTtE58tAVaqE71EYdRJFCz+gVvTngvDjvzsditOKUO8foD5zPHwRekRE=</latexit><latexit sha1_base64="+r/yHFJ7w4rlv9eT7SpEpKC2iRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZoWTSTBubSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknSgU34LrfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNL9iBgmuGQd4CBYP9WMJJFgvWhyW/i9J6YNV/IBpikLEzKSPOaUgJX8YEwAB48JgfGg3nCb7hx4lXglaaAS7UH9KxgqmiVMAhXEGN9zUwhzooFTwWa1IDMsJXRCRsy3VJKEmTCfR57hM6sMcay0fRLwXP29kZPEmGkS2ckinFn2CvE/z88gvg5zLtMMmKSLj+JMYFC4uB8PuWYUxNQSQjW3WTEdE00o2JZqtgRv+eRV0r1oepbfXzZaN2UdVXSCTtE58tAVaqE71EYdRJFCz+gVvTngvDjvzsditOKUO8foD5zPHwRekRE=</latexit><latexit sha1_base64="+r/yHFJ7w4rlv9eT7SpEpKC2iRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZoWTSTBubSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknSgU34LrfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNL9iBgmuGQd4CBYP9WMJJFgvWhyW/i9J6YNV/IBpikLEzKSPOaUgJX8YEwAB48JgfGg3nCb7hx4lXglaaAS7UH9KxgqmiVMAhXEGN9zUwhzooFTwWa1IDMsJXRCRsy3VJKEmTCfR57hM6sMcay0fRLwXP29kZPEmGkS2ckinFn2CvE/z88gvg5zLtMMmKSLj+JMYFC4uB8PuWYUxNQSQjW3WTEdE00o2JZqtgRv+eRV0r1oepbfXzZaN2UdVXSCTtE58tAVaqE71EYdRJFCz+gVvTngvDjvzsditOKUO8foD5zPHwRekRE=</latexit><latexit sha1_base64="+r/yHFJ7w4rlv9eT7SpEpKC2iRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZoWTSTBubSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknSgU34LrfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNL9iBgmuGQd4CBYP9WMJJFgvWhyW/i9J6YNV/IBpikLEzKSPOaUgJX8YEwAB48JgfGg3nCb7hx4lXglaaAS7UH9KxgqmiVMAhXEGN9zUwhzooFTwWa1IDMsJXRCRsy3VJKEmTCfR57hM6sMcay0fRLwXP29kZPEmGkS2ckinFn2CvE/z88gvg5zLtMMmKSLj+JMYFC4uB8PuWYUxNQSQjW3WTEdE00o2JZqtgRv+eRV0r1oepbfXzZaN2UdVXSCTtE58tAVaqE71EYdRJFCz+gVvTngvDjvzsditOKUO8foD5zPHwRekRE=</latexit>

O
<latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit><latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit><latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit><latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit>

�
<latexit sha1_base64="yXjtFj01ayGEtbxyWlOC8kSd3gg=">AAAB63icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunFZwdZCG8pkOmmGziXMTIQS+gpuXCji1hdy59s4abPQ1h8GPv5zDnPOH6WcGev7315lbX1jc6u6XdvZ3ds/qB8edY3KNKEdorjSvQgbypmkHcssp71UUywiTh+jyW1Rf3yi2jAlH+w0paHAY8liRrAtrIFO1LDe8Jv+XGgVghIaUKo9rH8NRopkgkpLODamH/ipDXOsLSOczmqDzNAUkwke075DiQU1YT7fdYbOnDNCsdLuSYvm7u+JHAtjpiJynQLbxCzXCvO/Wj+z8XWYM5lmlkqy+CjOOLIKFYejEdOUWD51gIlmbldEEqwxsS6emgshWD55FboXzcDx/WWjdVPGUYUTOIVzCOAKWnAHbegAgQSe4RXePOG9eO/ex6K14pUzx/BH3ucPH66ORw==</latexit><latexit sha1_base64="yXjtFj01ayGEtbxyWlOC8kSd3gg=">AAAB63icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunFZwdZCG8pkOmmGziXMTIQS+gpuXCji1hdy59s4abPQ1h8GPv5zDnPOH6WcGev7315lbX1jc6u6XdvZ3ds/qB8edY3KNKEdorjSvQgbypmkHcssp71UUywiTh+jyW1Rf3yi2jAlH+w0paHAY8liRrAtrIFO1LDe8Jv+XGgVghIaUKo9rH8NRopkgkpLODamH/ipDXOsLSOczmqDzNAUkwke075DiQU1YT7fdYbOnDNCsdLuSYvm7u+JHAtjpiJynQLbxCzXCvO/Wj+z8XWYM5lmlkqy+CjOOLIKFYejEdOUWD51gIlmbldEEqwxsS6emgshWD55FboXzcDx/WWjdVPGUYUTOIVzCOAKWnAHbegAgQSe4RXePOG9eO/ex6K14pUzx/BH3ucPH66ORw==</latexit><latexit sha1_base64="yXjtFj01ayGEtbxyWlOC8kSd3gg=">AAAB63icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunFZwdZCG8pkOmmGziXMTIQS+gpuXCji1hdy59s4abPQ1h8GPv5zDnPOH6WcGev7315lbX1jc6u6XdvZ3ds/qB8edY3KNKEdorjSvQgbypmkHcssp71UUywiTh+jyW1Rf3yi2jAlH+w0paHAY8liRrAtrIFO1LDe8Jv+XGgVghIaUKo9rH8NRopkgkpLODamH/ipDXOsLSOczmqDzNAUkwke075DiQU1YT7fdYbOnDNCsdLuSYvm7u+JHAtjpiJynQLbxCzXCvO/Wj+z8XWYM5lmlkqy+CjOOLIKFYejEdOUWD51gIlmbldEEqwxsS6emgshWD55FboXzcDx/WWjdVPGUYUTOIVzCOAKWnAHbegAgQSe4RXePOG9eO/ex6K14pUzx/BH3ucPH66ORw==</latexit><latexit sha1_base64="yXjtFj01ayGEtbxyWlOC8kSd3gg=">AAAB63icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunFZwdZCG8pkOmmGziXMTIQS+gpuXCji1hdy59s4abPQ1h8GPv5zDnPOH6WcGev7315lbX1jc6u6XdvZ3ds/qB8edY3KNKEdorjSvQgbypmkHcssp71UUywiTh+jyW1Rf3yi2jAlH+w0paHAY8liRrAtrIFO1LDe8Jv+XGgVghIaUKo9rH8NRopkgkpLODamH/ipDXOsLSOczmqDzNAUkwke075DiQU1YT7fdYbOnDNCsdLuSYvm7u+JHAtjpiJynQLbxCzXCvO/Wj+z8XWYM5lmlkqy+CjOOLIKFYejEdOUWD51gIlmbldEEqwxsS6emgshWD55FboXzcDx/WWjdVPGUYUTOIVzCOAKWnAHbegAgQSe4RXePOG9eO/ex6K14pUzx/BH3ucPH66ORw==</latexit>

P �
<latexit sha1_base64="0C2EVdwBQIhpfJ/GKBU8ej38PmY=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF9FQSKeix6MVjFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH80kQT+iQ8lDzqix1kPjvF+uuFV3LrIKXg4VyNXol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz+abTsmZdQYkjJV90pC5+3sio5HWkyiwnRE1I71cm5n/1bqpCa/9jMskNSjZ4qMwFcTEZHY2GXCFzIiJBcoUt7sSNqKKMmPDKdkQvOWTV6F1WfUs39cq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+yPn8AQn6jQU=</latexit><latexit sha1_base64="0C2EVdwBQIhpfJ/GKBU8ej38PmY=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF9FQSKeix6MVjFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH80kQT+iQ8lDzqix1kPjvF+uuFV3LrIKXg4VyNXol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz+abTsmZdQYkjJV90pC5+3sio5HWkyiwnRE1I71cm5n/1bqpCa/9jMskNSjZ4qMwFcTEZHY2GXCFzIiJBcoUt7sSNqKKMmPDKdkQvOWTV6F1WfUs39cq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+yPn8AQn6jQU=</latexit><latexit sha1_base64="0C2EVdwBQIhpfJ/GKBU8ej38PmY=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF9FQSKeix6MVjFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH80kQT+iQ8lDzqix1kPjvF+uuFV3LrIKXg4VyNXol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz+abTsmZdQYkjJV90pC5+3sio5HWkyiwnRE1I71cm5n/1bqpCa/9jMskNSjZ4qMwFcTEZHY2GXCFzIiJBcoUt7sSNqKKMmPDKdkQvOWTV6F1WfUs39cq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+yPn8AQn6jQU=</latexit><latexit sha1_base64="0C2EVdwBQIhpfJ/GKBU8ej38PmY=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF9FQSKeix6MVjFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH80kQT+iQ8lDzqix1kPjvF+uuFV3LrIKXg4VyNXol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz+abTsmZdQYkjJV90pC5+3sio5HWkyiwnRE1I71cm5n/1bqpCa/9jMskNSjZ4qMwFcTEZHY2GXCFzIiJBcoUt7sSNqKKMmPDKdkQvOWTV6F1WfUs39cq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+yPn8AQn6jQU=</latexit>

.
Notemos que ⇢̂ y �̂ siempre permanecen perpendiculares entre śı. Una caracteŕıstica

de esta base es que en general dependerá del tiempo. Si la part́ıcula descrita por

~r se mueve, entonces esperamos que su proyección P
0 se desplace por el plano x-y,
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cambiando el valor del ángulo �. El vector ⇢̂ siempre persigue al punto P 0, y �̂ siempre

permanece perpendicular a ⇢̂.

Por último, las relaciones en (1.41) pueden ser invertidas. Es decir, podemos ex-

presar ı̂, |̂ en términos de ⇢̂ y �̂:

ı̂ = cos� ⇢̂ � sin� �̂, |̂ = sin� ⇢̂+ cos� �̂. (1.42)

1.9 Derivadas de la base ciĺındrica

Evidentemente ⇢̂ y �̂ son funciones del ángulo �. Luego, nada nos detiene en calcular

derivadas de estos vectores con respecto a �. Es directo verificar que

@ ⇢̂

@�
= �̂, (1.43)

@ �̂

@�
= �⇢̂. (1.44)

En primera instancia, es llamativo notar que la derivada de ⇢̂ con respecto a � es

simplemente �̂, y que la derivada de �̂ con respecto a � es �⇢̂. De hecho, estos

resultados esconden algo interesante: Si el ángulo � crece, el vector ⇢̂ se moverá en

la dirección �̂, y el vector �̂ se moverá en la dirección �⇢̂. De manera similar, si el

ángulo � decrece, el vector ⇢̂, se moverá en la dirección ��̂, y el vector �̂, se moverá

en la dirección ⇢̂. La siguiente figura da cuenta de la situación cuando � crece:

�
<latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit><latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit><latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit><latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit> ı̂

<latexit sha1_base64="ceHryc8WaJuW2N20lLaA68ZJN+s=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRS3x9TJL6IKY4H9YbbdOcgq8QrSQNKtAf1L3+oWBbzBJmkxvQ9N8UgpxoFk3xW8zPDU8omdMT7liY05ibI55Fn5MwqQxIpbV+CZK7+3shpbMw0Du1kEc4se4X4n9fPMLoOcpGkGfKELT6KMklQkeJ+MhSaM5RTSyjTwmYlbEw1ZWhbqtkSvOWTV0n3oulZfn/ZaN2UdVThBE7hHDy4ghbcQRs6wEDBM7zCm4POi/PufCxGK065cwx/4Hz+AALWkRA=</latexit><latexit sha1_base64="ceHryc8WaJuW2N20lLaA68ZJN+s=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRS3x9TJL6IKY4H9YbbdOcgq8QrSQNKtAf1L3+oWBbzBJmkxvQ9N8UgpxoFk3xW8zPDU8omdMT7liY05ibI55Fn5MwqQxIpbV+CZK7+3shpbMw0Du1kEc4se4X4n9fPMLoOcpGkGfKELT6KMklQkeJ+MhSaM5RTSyjTwmYlbEw1ZWhbqtkSvOWTV0n3oulZfn/ZaN2UdVThBE7hHDy4ghbcQRs6wEDBM7zCm4POi/PufCxGK065cwx/4Hz+AALWkRA=</latexit><latexit sha1_base64="ceHryc8WaJuW2N20lLaA68ZJN+s=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRS3x9TJL6IKY4H9YbbdOcgq8QrSQNKtAf1L3+oWBbzBJmkxvQ9N8UgpxoFk3xW8zPDU8omdMT7liY05ibI55Fn5MwqQxIpbV+CZK7+3shpbMw0Du1kEc4se4X4n9fPMLoOcpGkGfKELT6KMklQkeJ+MhSaM5RTSyjTwmYlbEw1ZWhbqtkSvOWTV0n3oulZfn/ZaN2UdVThBE7hHDy4ghbcQRs6wEDBM7zCm4POi/PufCxGK065cwx/4Hz+AALWkRA=</latexit><latexit sha1_base64="ceHryc8WaJuW2N20lLaA68ZJN+s=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRS3x9TJL6IKY4H9YbbdOcgq8QrSQNKtAf1L3+oWBbzBJmkxvQ9N8UgpxoFk3xW8zPDU8omdMT7liY05ibI55Fn5MwqQxIpbV+CZK7+3shpbMw0Du1kEc4se4X4n9fPMLoOcpGkGfKELT6KMklQkeJ+MhSaM5RTSyjTwmYlbEw1ZWhbqtkSvOWTV0n3oulZfn/ZaN2UdVThBE7hHDy4ghbcQRs6wEDBM7zCm4POi/PufCxGK065cwx/4Hz+AALWkRA=</latexit>

�̂
<latexit sha1_base64="+r/yHFJ7w4rlv9eT7SpEpKC2iRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZoWTSTBubSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknSgU34LrfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNL9iBgmuGQd4CBYP9WMJJFgvWhyW/i9J6YNV/IBpikLEzKSPOaUgJX8YEwAB48JgfGg3nCb7hx4lXglaaAS7UH9KxgqmiVMAhXEGN9zUwhzooFTwWa1IDMsJXRCRsy3VJKEmTCfR57hM6sMcay0fRLwXP29kZPEmGkS2ckinFn2CvE/z88gvg5zLtMMmKSLj+JMYFC4uB8PuWYUxNQSQjW3WTEdE00o2JZqtgRv+eRV0r1oepbfXzZaN2UdVXSCTtE58tAVaqE71EYdRJFCz+gVvTngvDjvzsditOKUO8foD5zPHwRekRE=</latexit><latexit sha1_base64="+r/yHFJ7w4rlv9eT7SpEpKC2iRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZoWTSTBubSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknSgU34LrfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNL9iBgmuGQd4CBYP9WMJJFgvWhyW/i9J6YNV/IBpikLEzKSPOaUgJX8YEwAB48JgfGg3nCb7hx4lXglaaAS7UH9KxgqmiVMAhXEGN9zUwhzooFTwWa1IDMsJXRCRsy3VJKEmTCfR57hM6sMcay0fRLwXP29kZPEmGkS2ckinFn2CvE/z88gvg5zLtMMmKSLj+JMYFC4uB8PuWYUxNQSQjW3WTEdE00o2JZqtgRv+eRV0r1oepbfXzZaN2UdVXSCTtE58tAVaqE71EYdRJFCz+gVvTngvDjvzsditOKUO8foD5zPHwRekRE=</latexit><latexit sha1_base64="+r/yHFJ7w4rlv9eT7SpEpKC2iRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZoWTSTBubSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknSgU34LrfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNL9iBgmuGQd4CBYP9WMJJFgvWhyW/i9J6YNV/IBpikLEzKSPOaUgJX8YEwAB48JgfGg3nCb7hx4lXglaaAS7UH9KxgqmiVMAhXEGN9zUwhzooFTwWa1IDMsJXRCRsy3VJKEmTCfR57hM6sMcay0fRLwXP29kZPEmGkS2ckinFn2CvE/z88gvg5zLtMMmKSLj+JMYFC4uB8PuWYUxNQSQjW3WTEdE00o2JZqtgRv+eRV0r1oepbfXzZaN2UdVXSCTtE58tAVaqE71EYdRJFCz+gVvTngvDjvzsditOKUO8foD5zPHwRekRE=</latexit><latexit sha1_base64="+r/yHFJ7w4rlv9eT7SpEpKC2iRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZoWTSTBubSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknSgU34LrfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNL9iBgmuGQd4CBYP9WMJJFgvWhyW/i9J6YNV/IBpikLEzKSPOaUgJX8YEwAB48JgfGg3nCb7hx4lXglaaAS7UH9KxgqmiVMAhXEGN9zUwhzooFTwWa1IDMsJXRCRsy3VJKEmTCfR57hM6sMcay0fRLwXP29kZPEmGkS2ckinFn2CvE/z88gvg5zLtMMmKSLj+JMYFC4uB8PuWYUxNQSQjW3WTEdE00o2JZqtgRv+eRV0r1oepbfXzZaN2UdVXSCTtE58tAVaqE71EYdRJFCz+gVvTngvDjvzsditOKUO8foD5zPHwRekRE=</latexit>

�
<latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit><latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit><latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit><latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit>

�̂
<latexit sha1_base64="A1O22qoNOterIHcY8TNuKCygZ7w=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QJpTNdtMs3WzC7kQopb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps014y3WCpT3Q2p4VIo3kKBknczzWkSSt4JR7ezeueJayNS9YDjjAcJHSoRCUbRWo9+TJH4WSz61Zpbd+ciq+AVUINCzX71yx+kLE+4QiapMT3PzTCYUI2CST6t+LnhGWUjOuQ9i4om3AST+cJTcmadAYlSbZ9CMnd/T0xoYsw4CW1nQjE2y7WZ+V+tl2N0HUyEynLkii0+inJJMCWz68lAaM5Qji1QpoXdlbCYasrQZlSxIXjLJ69C+6LuWb6/rDVuijjKcAKncA4eXEED7qAJLWCQwDO8wpujnRfn3flYtJacYuYY/sj5/AFzg5Aq</latexit><latexit sha1_base64="A1O22qoNOterIHcY8TNuKCygZ7w=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QJpTNdtMs3WzC7kQopb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps014y3WCpT3Q2p4VIo3kKBknczzWkSSt4JR7ezeueJayNS9YDjjAcJHSoRCUbRWo9+TJH4WSz61Zpbd+ciq+AVUINCzX71yx+kLE+4QiapMT3PzTCYUI2CST6t+LnhGWUjOuQ9i4om3AST+cJTcmadAYlSbZ9CMnd/T0xoYsw4CW1nQjE2y7WZ+V+tl2N0HUyEynLkii0+inJJMCWz68lAaM5Qji1QpoXdlbCYasrQZlSxIXjLJ69C+6LuWb6/rDVuijjKcAKncA4eXEED7qAJLWCQwDO8wpujnRfn3flYtJacYuYY/sj5/AFzg5Aq</latexit><latexit sha1_base64="A1O22qoNOterIHcY8TNuKCygZ7w=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QJpTNdtMs3WzC7kQopb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps014y3WCpT3Q2p4VIo3kKBknczzWkSSt4JR7ezeueJayNS9YDjjAcJHSoRCUbRWo9+TJH4WSz61Zpbd+ciq+AVUINCzX71yx+kLE+4QiapMT3PzTCYUI2CST6t+LnhGWUjOuQ9i4om3AST+cJTcmadAYlSbZ9CMnd/T0xoYsw4CW1nQjE2y7WZ+V+tl2N0HUyEynLkii0+inJJMCWz68lAaM5Qji1QpoXdlbCYasrQZlSxIXjLJ69C+6LuWb6/rDVuijjKcAKncA4eXEED7qAJLWCQwDO8wpujnRfn3flYtJacYuYY/sj5/AFzg5Aq</latexit><latexit sha1_base64="A1O22qoNOterIHcY8TNuKCygZ7w=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QJpTNdtMs3WzC7kQopb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps014y3WCpT3Q2p4VIo3kKBknczzWkSSt4JR7ezeueJayNS9YDjjAcJHSoRCUbRWo9+TJH4WSz61Zpbd+ciq+AVUINCzX71yx+kLE+4QiapMT3PzTCYUI2CST6t+LnhGWUjOuQ9i4om3AST+cJTcmadAYlSbZ9CMnd/T0xoYsw4CW1nQjE2y7WZ+V+tl2N0HUyEynLkii0+inJJMCWz68lAaM5Qji1QpoXdlbCYasrQZlSxIXjLJ69C+6LuWb6/rDVuijjKcAKncA4eXEED7qAJLWCQwDO8wpujnRfn3flYtJacYuYY/sj5/AFzg5Aq</latexit>

�̂
<latexit sha1_base64="+aLuM7hBjfSpPGsoNqtXi57l3Ts=">AAAB8HicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosunFZwV6kM5RMmumE5jIkZ4RS+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzx5ngFnz/2yutrW9sbpW3Kzu7e/sH1cOjttW5oaxFtdCmGxPLBFesBRwE62aGERkL1olHt7N654kZy7V6gHHGIkmGiiecEnDWY5gSwKFJdb9a8+v+XHgVggJqqFCzX/0KB5rmkimggljbC/wMogkxwKlg00qYW5YROiJD1nOoiGQ2mswXnuIz5wxwoo17CvDc/T0xIdLasYxdpySQ2uXazPyv1sshuY4mXGU5MEUXHyW5wKDx7Ho84IZREGMHhBrudsU0JYZQcBlVXAjB8smr0L6oB47vL2uNmyKOMjpBp+gcBegKNdAdaqIWokiiZ/SK3jzjvXjv3seiteQVM8foj7zPH3+nkDI=</latexit><latexit sha1_base64="+aLuM7hBjfSpPGsoNqtXi57l3Ts=">AAAB8HicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosunFZwV6kM5RMmumE5jIkZ4RS+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzx5ngFnz/2yutrW9sbpW3Kzu7e/sH1cOjttW5oaxFtdCmGxPLBFesBRwE62aGERkL1olHt7N654kZy7V6gHHGIkmGiiecEnDWY5gSwKFJdb9a8+v+XHgVggJqqFCzX/0KB5rmkimggljbC/wMogkxwKlg00qYW5YROiJD1nOoiGQ2mswXnuIz5wxwoo17CvDc/T0xIdLasYxdpySQ2uXazPyv1sshuY4mXGU5MEUXHyW5wKDx7Ho84IZREGMHhBrudsU0JYZQcBlVXAjB8smr0L6oB47vL2uNmyKOMjpBp+gcBegKNdAdaqIWokiiZ/SK3jzjvXjv3seiteQVM8foj7zPH3+nkDI=</latexit><latexit sha1_base64="+aLuM7hBjfSpPGsoNqtXi57l3Ts=">AAAB8HicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosunFZwV6kM5RMmumE5jIkZ4RS+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzx5ngFnz/2yutrW9sbpW3Kzu7e/sH1cOjttW5oaxFtdCmGxPLBFesBRwE62aGERkL1olHt7N654kZy7V6gHHGIkmGiiecEnDWY5gSwKFJdb9a8+v+XHgVggJqqFCzX/0KB5rmkimggljbC/wMogkxwKlg00qYW5YROiJD1nOoiGQ2mswXnuIz5wxwoo17CvDc/T0xIdLasYxdpySQ2uXazPyv1sshuY4mXGU5MEUXHyW5wKDx7Ho84IZREGMHhBrudsU0JYZQcBlVXAjB8smr0L6oB47vL2uNmyKOMjpBp+gcBegKNdAdaqIWokiiZ/SK3jzjvXjv3seiteQVM8foj7zPH3+nkDI=</latexit><latexit sha1_base64="+aLuM7hBjfSpPGsoNqtXi57l3Ts=">AAAB8HicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosunFZwV6kM5RMmumE5jIkZ4RS+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzx5ngFnz/2yutrW9sbpW3Kzu7e/sH1cOjttW5oaxFtdCmGxPLBFesBRwE62aGERkL1olHt7N654kZy7V6gHHGIkmGiiecEnDWY5gSwKFJdb9a8+v+XHgVggJqqFCzX/0KB5rmkimggljbC/wMogkxwKlg00qYW5YROiJD1nOoiGQ2mswXnuIz5wxwoo17CvDc/T0xIdLasYxdpySQ2uXazPyv1sshuY4mXGU5MEUXHyW5wKDx7Ho84IZREGMHhBrudsU0JYZQcBlVXAjB8smr0L6oB47vL2uNmyKOMjpBp+gcBegKNdAdaqIWokiiZ/SK3jzjvXjv3seiteQVM8foj7zPH3+nkDI=</latexit>

�̂
<latexit sha1_base64="A1O22qoNOterIHcY8TNuKCygZ7w=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QJpTNdtMs3WzC7kQopb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps014y3WCpT3Q2p4VIo3kKBknczzWkSSt4JR7ezeueJayNS9YDjjAcJHSoRCUbRWo9+TJH4WSz61Zpbd+ciq+AVUINCzX71yx+kLE+4QiapMT3PzTCYUI2CST6t+LnhGWUjOuQ9i4om3AST+cJTcmadAYlSbZ9CMnd/T0xoYsw4CW1nQjE2y7WZ+V+tl2N0HUyEynLkii0+inJJMCWz68lAaM5Qji1QpoXdlbCYasrQZlSxIXjLJ69C+6LuWb6/rDVuijjKcAKncA4eXEED7qAJLWCQwDO8wpujnRfn3flYtJacYuYY/sj5/AFzg5Aq</latexit><latexit sha1_base64="A1O22qoNOterIHcY8TNuKCygZ7w=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QJpTNdtMs3WzC7kQopb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps014y3WCpT3Q2p4VIo3kKBknczzWkSSt4JR7ezeueJayNS9YDjjAcJHSoRCUbRWo9+TJH4WSz61Zpbd+ciq+AVUINCzX71yx+kLE+4QiapMT3PzTCYUI2CST6t+LnhGWUjOuQ9i4om3AST+cJTcmadAYlSbZ9CMnd/T0xoYsw4CW1nQjE2y7WZ+V+tl2N0HUyEynLkii0+inJJMCWz68lAaM5Qji1QpoXdlbCYasrQZlSxIXjLJ69C+6LuWb6/rDVuijjKcAKncA4eXEED7qAJLWCQwDO8wpujnRfn3flYtJacYuYY/sj5/AFzg5Aq</latexit><latexit sha1_base64="A1O22qoNOterIHcY8TNuKCygZ7w=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QJpTNdtMs3WzC7kQopb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps014y3WCpT3Q2p4VIo3kKBknczzWkSSt4JR7ezeueJayNS9YDjjAcJHSoRCUbRWo9+TJH4WSz61Zpbd+ciq+AVUINCzX71yx+kLE+4QiapMT3PzTCYUI2CST6t+LnhGWUjOuQ9i4om3AST+cJTcmadAYlSbZ9CMnd/T0xoYsw4CW1nQjE2y7WZ+V+tl2N0HUyEynLkii0+inJJMCWz68lAaM5Qji1QpoXdlbCYasrQZlSxIXjLJ69C+6LuWb6/rDVuijjKcAKncA4eXEED7qAJLWCQwDO8wpujnRfn3flYtJacYuYY/sj5/AFzg5Aq</latexit><latexit sha1_base64="A1O22qoNOterIHcY8TNuKCygZ7w=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QJpTNdtMs3WzC7kQopb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps014y3WCpT3Q2p4VIo3kKBknczzWkSSt4JR7ezeueJayNS9YDjjAcJHSoRCUbRWo9+TJH4WSz61Zpbd+ciq+AVUINCzX71yx+kLE+4QiapMT3PzTCYUI2CST6t+LnhGWUjOuQ9i4om3AST+cJTcmadAYlSbZ9CMnd/T0xoYsw4CW1nQjE2y7WZ+V+tl2N0HUyEynLkii0+inJJMCWz68lAaM5Qji1QpoXdlbCYasrQZlSxIXjLJ69C+6LuWb6/rDVuijjKcAKncA4eXEED7qAJLWCQwDO8wpujnRfn3flYtJacYuYY/sj5/AFzg5Aq</latexit>

��̂
<latexit sha1_base64="YaxUjnalkPC4Jru4BRAU5TBrGSI=">AAAB8nicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXRZdOOygr1AEspkOmmGTmbCzIlQQh/DjQtF3Po07nwbp20W2vrDwMd/zmHO+aNMcAOu++1U1tY3Nreq27Wd3b39g/rhUdeoXFPWoUoo3Y+IYYJL1gEOgvUzzUgaCdaLxnezeu+JacOVfIRJxsKUjCSPOSVgLf8CBwkBHOhEDeoNt+nOhVfBK6GBSrUH9a9gqGieMglUEGN8z80gLIgGTgWb1oLcsIzQMRkx36IkKTNhMV95is+sM8Sx0vZJwHP390RBUmMmaWQ7UwKJWa7NzP9qfg7xTVhwmeXAJF18FOcCg8Kz+/GQa0ZBTCwQqrndFdOEaELBplSzIXjLJ69C97LpWX64arRuyziq6ASdonPkoWvUQveojTqIIoWe0St6c8B5cd6dj0VrxSlnjtEfOZ8/QTaQkw==</latexit><latexit sha1_base64="YaxUjnalkPC4Jru4BRAU5TBrGSI=">AAAB8nicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXRZdOOygr1AEspkOmmGTmbCzIlQQh/DjQtF3Po07nwbp20W2vrDwMd/zmHO+aNMcAOu++1U1tY3Nreq27Wd3b39g/rhUdeoXFPWoUoo3Y+IYYJL1gEOgvUzzUgaCdaLxnezeu+JacOVfIRJxsKUjCSPOSVgLf8CBwkBHOhEDeoNt+nOhVfBK6GBSrUH9a9gqGieMglUEGN8z80gLIgGTgWb1oLcsIzQMRkx36IkKTNhMV95is+sM8Sx0vZJwHP390RBUmMmaWQ7UwKJWa7NzP9qfg7xTVhwmeXAJF18FOcCg8Kz+/GQa0ZBTCwQqrndFdOEaELBplSzIXjLJ69C97LpWX64arRuyziq6ASdonPkoWvUQveojTqIIoWe0St6c8B5cd6dj0VrxSlnjtEfOZ8/QTaQkw==</latexit><latexit sha1_base64="YaxUjnalkPC4Jru4BRAU5TBrGSI=">AAAB8nicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXRZdOOygr1AEspkOmmGTmbCzIlQQh/DjQtF3Po07nwbp20W2vrDwMd/zmHO+aNMcAOu++1U1tY3Nreq27Wd3b39g/rhUdeoXFPWoUoo3Y+IYYJL1gEOgvUzzUgaCdaLxnezeu+JacOVfIRJxsKUjCSPOSVgLf8CBwkBHOhEDeoNt+nOhVfBK6GBSrUH9a9gqGieMglUEGN8z80gLIgGTgWb1oLcsIzQMRkx36IkKTNhMV95is+sM8Sx0vZJwHP390RBUmMmaWQ7UwKJWa7NzP9qfg7xTVhwmeXAJF18FOcCg8Kz+/GQa0ZBTCwQqrndFdOEaELBplSzIXjLJ69C97LpWX64arRuyziq6ASdonPkoWvUQveojTqIIoWe0St6c8B5cd6dj0VrxSlnjtEfOZ8/QTaQkw==</latexit><latexit sha1_base64="YaxUjnalkPC4Jru4BRAU5TBrGSI=">AAAB8nicbZDLSsNAFIYn9VbrrerSzWAR3FgSEXRZdOOygr1AEspkOmmGTmbCzIlQQh/DjQtF3Po07nwbp20W2vrDwMd/zmHO+aNMcAOu++1U1tY3Nreq27Wd3b39g/rhUdeoXFPWoUoo3Y+IYYJL1gEOgvUzzUgaCdaLxnezeu+JacOVfIRJxsKUjCSPOSVgLf8CBwkBHOhEDeoNt+nOhVfBK6GBSrUH9a9gqGieMglUEGN8z80gLIgGTgWb1oLcsIzQMRkx36IkKTNhMV95is+sM8Sx0vZJwHP390RBUmMmaWQ7UwKJWa7NzP9qfg7xTVhwmeXAJF18FOcCg8Kz+/GQa0ZBTCwQqrndFdOEaELBplSzIXjLJ69C97LpWX64arRuyziq6ASdonPkoWvUQveojTqIIoWe0St6c8B5cd6dj0VrxSlnjtEfOZ8/QTaQkw==</latexit>

.
Seamos más precisos. Si � sufre un incremento �� pequeño, desde � a � + ��,

el vector ⇢̂ sufrirá un cambio desde ⇢̂(�) a ⇢̂
0 = ⇢̂(� + ��). Luego, el cambio �⇢̂

experimentado por ⇢̂ consistirá en la diferencia entre ⇢̂
0 = ⇢̂(�+��) y ⇢̂(�)

�⇢̂ = ⇢̂(�+��) � ⇢̂(�). (1.45)
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�⇢̂ indica hacia donde cambiará ⇢̂ bajo el incremento ��. Esta dirección no se

verá alterada si dividimos �⇢̂ por �� (un vector no cambia su dirección cuando

es multiplicado por un escalar). Luego, la dirección hacia la cual cambia ⇢̂ bajo el

incremento �� consiste en

Dirección de cambio de ⇢̂ cuando � crece =
⇢̂(�+��) � ⇢̂(�)

��
. (1.46)

Ahora, si tomamos el ĺımite �� ! 0, vemos que esta dirección corresponde ni más

ni menos que a la derivada de ⇢̂ con respecto a �, de donde obtenemos el resultado:

�̂ = Dirección de cambio de ⇢̂ cuando � crece. (1.47)

1.10 Posición en coordenadas ciĺındricas

Recordemos que la posición en coordenadas cartesianas viene dada por ~r = xı̂+y|̂+zk̂.

Si reemplazamos (1.40) y (1.42) en esta expresión, obtendremos la siguiente forma

para ~r en términos de las coordenadas y base ciĺındricas:

~r = ⇢⇢̂+ zk̂. (1.48)

Este resultado es algo evidente a la luz de la siguiente figura:

�r
<latexit sha1_base64="cCrgZjPZ7lj6REmMyCm+c2bybUE=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOm1js8mSZAtl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OG0almmGdKaF0K6IGBZdYt9wKbCUaaRwJbEaju1m9OUZtuJKPdpJgGNOB5H3OqHVWozNGRnS3VPYr/lxkFYIcypCr1i19dXqKpTFKywQ1ph34iQ0zqi1nAqfFTmowoWxEB9h2KGmMJszm207JuXN6pK+0e9KSuft7IqOxMZM4cp0xtUOzXJuZ/9Xaqe3fhBmXSWpRssVH/VQQq8jsdNLjGpkVEweUae52JWxINWXWBVR0IQTLJ69C47ISOH64Kldv8zgKcApncAEBXEMV7qEGdWDwBM/wCm+e8l68d+9j0brm5TMn8Efe5w85iI7i</latexit><latexit sha1_base64="cCrgZjPZ7lj6REmMyCm+c2bybUE=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOm1js8mSZAtl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OG0almmGdKaF0K6IGBZdYt9wKbCUaaRwJbEaju1m9OUZtuJKPdpJgGNOB5H3OqHVWozNGRnS3VPYr/lxkFYIcypCr1i19dXqKpTFKywQ1ph34iQ0zqi1nAqfFTmowoWxEB9h2KGmMJszm207JuXN6pK+0e9KSuft7IqOxMZM4cp0xtUOzXJuZ/9Xaqe3fhBmXSWpRssVH/VQQq8jsdNLjGpkVEweUae52JWxINWXWBVR0IQTLJ69C47ISOH64Kldv8zgKcApncAEBXEMV7qEGdWDwBM/wCm+e8l68d+9j0brm5TMn8Efe5w85iI7i</latexit><latexit sha1_base64="cCrgZjPZ7lj6REmMyCm+c2bybUE=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOm1js8mSZAtl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OG0almmGdKaF0K6IGBZdYt9wKbCUaaRwJbEaju1m9OUZtuJKPdpJgGNOB5H3OqHVWozNGRnS3VPYr/lxkFYIcypCr1i19dXqKpTFKywQ1ph34iQ0zqi1nAqfFTmowoWxEB9h2KGmMJszm207JuXN6pK+0e9KSuft7IqOxMZM4cp0xtUOzXJuZ/9Xaqe3fhBmXSWpRssVH/VQQq8jsdNLjGpkVEweUae52JWxINWXWBVR0IQTLJ69C47ISOH64Kldv8zgKcApncAEBXEMV7qEGdWDwBM/wCm+e8l68d+9j0brm5TMn8Efe5w85iI7i</latexit><latexit sha1_base64="cCrgZjPZ7lj6REmMyCm+c2bybUE=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOm1js8mSZAtl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OG0almmGdKaF0K6IGBZdYt9wKbCUaaRwJbEaju1m9OUZtuJKPdpJgGNOB5H3OqHVWozNGRnS3VPYr/lxkFYIcypCr1i19dXqKpTFKywQ1ph34iQ0zqi1nAqfFTmowoWxEB9h2KGmMJszm207JuXN6pK+0e9KSuft7IqOxMZM4cp0xtUOzXJuZ/9Xaqe3fhBmXSWpRssVH/VQQq8jsdNLjGpkVEweUae52JWxINWXWBVR0IQTLJ69C47ISOH64Kldv8zgKcApncAEBXEMV7qEGdWDwBM/wCm+e8l68d+9j0brm5TMn8Efe5w85iI7i</latexit>

�
<latexit sha1_base64="yXjtFj01ayGEtbxyWlOC8kSd3gg=">AAAB63icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunFZwdZCG8pkOmmGziXMTIQS+gpuXCji1hdy59s4abPQ1h8GPv5zDnPOH6WcGev7315lbX1jc6u6XdvZ3ds/qB8edY3KNKEdorjSvQgbypmkHcssp71UUywiTh+jyW1Rf3yi2jAlH+w0paHAY8liRrAtrIFO1LDe8Jv+XGgVghIaUKo9rH8NRopkgkpLODamH/ipDXOsLSOczmqDzNAUkwke075DiQU1YT7fdYbOnDNCsdLuSYvm7u+JHAtjpiJynQLbxCzXCvO/Wj+z8XWYM5lmlkqy+CjOOLIKFYejEdOUWD51gIlmbldEEqwxsS6emgshWD55FboXzcDx/WWjdVPGUYUTOIVzCOAKWnAHbegAgQSe4RXePOG9eO/ex6K14pUzx/BH3ucPH66ORw==</latexit><latexit sha1_base64="yXjtFj01ayGEtbxyWlOC8kSd3gg=">AAAB63icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunFZwdZCG8pkOmmGziXMTIQS+gpuXCji1hdy59s4abPQ1h8GPv5zDnPOH6WcGev7315lbX1jc6u6XdvZ3ds/qB8edY3KNKEdorjSvQgbypmkHcssp71UUywiTh+jyW1Rf3yi2jAlH+w0paHAY8liRrAtrIFO1LDe8Jv+XGgVghIaUKo9rH8NRopkgkpLODamH/ipDXOsLSOczmqDzNAUkwke075DiQU1YT7fdYbOnDNCsdLuSYvm7u+JHAtjpiJynQLbxCzXCvO/Wj+z8XWYM5lmlkqy+CjOOLIKFYejEdOUWD51gIlmbldEEqwxsS6emgshWD55FboXzcDx/WWjdVPGUYUTOIVzCOAKWnAHbegAgQSe4RXePOG9eO/ex6K14pUzx/BH3ucPH66ORw==</latexit><latexit sha1_base64="yXjtFj01ayGEtbxyWlOC8kSd3gg=">AAAB63icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunFZwdZCG8pkOmmGziXMTIQS+gpuXCji1hdy59s4abPQ1h8GPv5zDnPOH6WcGev7315lbX1jc6u6XdvZ3ds/qB8edY3KNKEdorjSvQgbypmkHcssp71UUywiTh+jyW1Rf3yi2jAlH+w0paHAY8liRrAtrIFO1LDe8Jv+XGgVghIaUKo9rH8NRopkgkpLODamH/ipDXOsLSOczmqDzNAUkwke075DiQU1YT7fdYbOnDNCsdLuSYvm7u+JHAtjpiJynQLbxCzXCvO/Wj+z8XWYM5lmlkqy+CjOOLIKFYejEdOUWD51gIlmbldEEqwxsS6emgshWD55FboXzcDx/WWjdVPGUYUTOIVzCOAKWnAHbegAgQSe4RXePOG9eO/ex6K14pUzx/BH3ucPH66ORw==</latexit><latexit sha1_base64="yXjtFj01ayGEtbxyWlOC8kSd3gg=">AAAB63icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunFZwdZCG8pkOmmGziXMTIQS+gpuXCji1hdy59s4abPQ1h8GPv5zDnPOH6WcGev7315lbX1jc6u6XdvZ3ds/qB8edY3KNKEdorjSvQgbypmkHcssp71UUywiTh+jyW1Rf3yi2jAlH+w0paHAY8liRrAtrIFO1LDe8Jv+XGgVghIaUKo9rH8NRopkgkpLODamH/ipDXOsLSOczmqDzNAUkwke075DiQU1YT7fdYbOnDNCsdLuSYvm7u+JHAtjpiJynQLbxCzXCvO/Wj+z8XWYM5lmlkqy+CjOOLIKFYejEdOUWD51gIlmbldEEqwxsS6emgshWD55FboXzcDx/WWjdVPGUYUTOIVzCOAKWnAHbegAgQSe4RXePOG9eO/ex6K14pUzx/BH3ucPH66ORw==</latexit>

P
<latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit>

�̂
<latexit sha1_base64="+r/yHFJ7w4rlv9eT7SpEpKC2iRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZoWTSTBubSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknSgU34LrfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNL9iBgmuGQd4CBYP9WMJJFgvWhyW/i9J6YNV/IBpikLEzKSPOaUgJX8YEwAB48JgfGg3nCb7hx4lXglaaAS7UH9KxgqmiVMAhXEGN9zUwhzooFTwWa1IDMsJXRCRsy3VJKEmTCfR57hM6sMcay0fRLwXP29kZPEmGkS2ckinFn2CvE/z88gvg5zLtMMmKSLj+JMYFC4uB8PuWYUxNQSQjW3WTEdE00o2JZqtgRv+eRV0r1oepbfXzZaN2UdVXSCTtE58tAVaqE71EYdRJFCz+gVvTngvDjvzsditOKUO8foD5zPHwRekRE=</latexit><latexit sha1_base64="+r/yHFJ7w4rlv9eT7SpEpKC2iRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZoWTSTBubSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknSgU34LrfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNL9iBgmuGQd4CBYP9WMJJFgvWhyW/i9J6YNV/IBpikLEzKSPOaUgJX8YEwAB48JgfGg3nCb7hx4lXglaaAS7UH9KxgqmiVMAhXEGN9zUwhzooFTwWa1IDMsJXRCRsy3VJKEmTCfR57hM6sMcay0fRLwXP29kZPEmGkS2ckinFn2CvE/z88gvg5zLtMMmKSLj+JMYFC4uB8PuWYUxNQSQjW3WTEdE00o2JZqtgRv+eRV0r1oepbfXzZaN2UdVXSCTtE58tAVaqE71EYdRJFCz+gVvTngvDjvzsditOKUO8foD5zPHwRekRE=</latexit><latexit sha1_base64="+r/yHFJ7w4rlv9eT7SpEpKC2iRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZoWTSTBubSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknSgU34LrfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNL9iBgmuGQd4CBYP9WMJJFgvWhyW/i9J6YNV/IBpikLEzKSPOaUgJX8YEwAB48JgfGg3nCb7hx4lXglaaAS7UH9KxgqmiVMAhXEGN9zUwhzooFTwWa1IDMsJXRCRsy3VJKEmTCfR57hM6sMcay0fRLwXP29kZPEmGkS2ckinFn2CvE/z88gvg5zLtMMmKSLj+JMYFC4uB8PuWYUxNQSQjW3WTEdE00o2JZqtgRv+eRV0r1oepbfXzZaN2UdVXSCTtE58tAVaqE71EYdRJFCz+gVvTngvDjvzsditOKUO8foD5zPHwRekRE=</latexit><latexit sha1_base64="+r/yHFJ7w4rlv9eT7SpEpKC2iRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZoWTSTBubSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknSgU34LrfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNL9iBgmuGQd4CBYP9WMJJFgvWhyW/i9J6YNV/IBpikLEzKSPOaUgJX8YEwAB48JgfGg3nCb7hx4lXglaaAS7UH9KxgqmiVMAhXEGN9zUwhzooFTwWa1IDMsJXRCRsy3VJKEmTCfR57hM6sMcay0fRLwXP29kZPEmGkS2ckinFn2CvE/z88gvg5zLtMMmKSLj+JMYFC4uB8PuWYUxNQSQjW3WTEdE00o2JZqtgRv+eRV0r1oepbfXzZaN2UdVXSCTtE58tAVaqE71EYdRJFCz+gVvTngvDjvzsditOKUO8foD5zPHwRekRE=</latexit>

k̂
<latexit sha1_base64="MJyThnKFklopy6PRXWSIJbn84M0=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02wbm02WZFYopf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVA45THiZ0oEQsGEVnNbtDimTUK1f8qj8XWYUghwrkqvfKX92+ZlnCFTJJre0EforhhBoUTPJpqZtZnlI2ogPecahowm04mW87JWfO6ZNYG/cUkrn7e2JCE2vHSeQ6E4pDu1ybmf/VOhnG1+FEqDRDrtjioziTBDWZnU76wnCGcuyAMiPcroQNqaEMXUAlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/yPn8ALUaO2g==</latexit><latexit sha1_base64="MJyThnKFklopy6PRXWSIJbn84M0=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02wbm02WZFYopf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVA45THiZ0oEQsGEVnNbtDimTUK1f8qj8XWYUghwrkqvfKX92+ZlnCFTJJre0EforhhBoUTPJpqZtZnlI2ogPecahowm04mW87JWfO6ZNYG/cUkrn7e2JCE2vHSeQ6E4pDu1ybmf/VOhnG1+FEqDRDrtjioziTBDWZnU76wnCGcuyAMiPcroQNqaEMXUAlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/yPn8ALUaO2g==</latexit><latexit sha1_base64="MJyThnKFklopy6PRXWSIJbn84M0=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02wbm02WZFYopf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVA45THiZ0oEQsGEVnNbtDimTUK1f8qj8XWYUghwrkqvfKX92+ZlnCFTJJre0EforhhBoUTPJpqZtZnlI2ogPecahowm04mW87JWfO6ZNYG/cUkrn7e2JCE2vHSeQ6E4pDu1ybmf/VOhnG1+FEqDRDrtjioziTBDWZnU76wnCGcuyAMiPcroQNqaEMXUAlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/yPn8ALUaO2g==</latexit><latexit sha1_base64="MJyThnKFklopy6PRXWSIJbn84M0=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02wbm02WZFYopf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVA45THiZ0oEQsGEVnNbtDimTUK1f8qj8XWYUghwrkqvfKX92+ZlnCFTJJre0EforhhBoUTPJpqZtZnlI2ogPecahowm04mW87JWfO6ZNYG/cUkrn7e2JCE2vHSeQ6E4pDu1ybmf/VOhnG1+FEqDRDrtjioziTBDWZnU76wnCGcuyAMiPcroQNqaEMXUAlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/yPn8ALUaO2g==</latexit>

ı̂
<latexit sha1_base64="ceHryc8WaJuW2N20lLaA68ZJN+s=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRS3x9TJL6IKY4H9YbbdOcgq8QrSQNKtAf1L3+oWBbzBJmkxvQ9N8UgpxoFk3xW8zPDU8omdMT7liY05ibI55Fn5MwqQxIpbV+CZK7+3shpbMw0Du1kEc4se4X4n9fPMLoOcpGkGfKELT6KMklQkeJ+MhSaM5RTSyjTwmYlbEw1ZWhbqtkSvOWTV0n3oulZfn/ZaN2UdVThBE7hHDy4ghbcQRs6wEDBM7zCm4POi/PufCxGK065cwx/4Hz+AALWkRA=</latexit><latexit sha1_base64="ceHryc8WaJuW2N20lLaA68ZJN+s=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRS3x9TJL6IKY4H9YbbdOcgq8QrSQNKtAf1L3+oWBbzBJmkxvQ9N8UgpxoFk3xW8zPDU8omdMT7liY05ibI55Fn5MwqQxIpbV+CZK7+3shpbMw0Du1kEc4se4X4n9fPMLoOcpGkGfKELT6KMklQkeJ+MhSaM5RTSyjTwmYlbEw1ZWhbqtkSvOWTV0n3oulZfn/ZaN2UdVThBE7hHDy4ghbcQRs6wEDBM7zCm4POi/PufCxGK065cwx/4Hz+AALWkRA=</latexit><latexit sha1_base64="ceHryc8WaJuW2N20lLaA68ZJN+s=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRS3x9TJL6IKY4H9YbbdOcgq8QrSQNKtAf1L3+oWBbzBJmkxvQ9N8UgpxoFk3xW8zPDU8omdMT7liY05ibI55Fn5MwqQxIpbV+CZK7+3shpbMw0Du1kEc4se4X4n9fPMLoOcpGkGfKELT6KMklQkeJ+MhSaM5RTSyjTwmYlbEw1ZWhbqtkSvOWTV0n3oulZfn/ZaN2UdVThBE7hHDy4ghbcQRs6wEDBM7zCm4POi/PufCxGK065cwx/4Hz+AALWkRA=</latexit><latexit sha1_base64="ceHryc8WaJuW2N20lLaA68ZJN+s=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRS3x9TJL6IKY4H9YbbdOcgq8QrSQNKtAf1L3+oWBbzBJmkxvQ9N8UgpxoFk3xW8zPDU8omdMT7liY05ibI55Fn5MwqQxIpbV+CZK7+3shpbMw0Du1kEc4se4X4n9fPMLoOcpGkGfKELT6KMklQkeJ+MhSaM5RTSyjTwmYlbEw1ZWhbqtkSvOWTV0n3oulZfn/ZaN2UdVThBE7hHDy4ghbcQRs6wEDBM7zCm4POi/PufCxGK065cwx/4Hz+AALWkRA=</latexit>

k̂
<latexit sha1_base64="MJyThnKFklopy6PRXWSIJbn84M0=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02wbm02WZFYopf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVA45THiZ0oEQsGEVnNbtDimTUK1f8qj8XWYUghwrkqvfKX92+ZlnCFTJJre0EforhhBoUTPJpqZtZnlI2ogPecahowm04mW87JWfO6ZNYG/cUkrn7e2JCE2vHSeQ6E4pDu1ybmf/VOhnG1+FEqDRDrtjioziTBDWZnU76wnCGcuyAMiPcroQNqaEMXUAlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/yPn8ALUaO2g==</latexit><latexit sha1_base64="MJyThnKFklopy6PRXWSIJbn84M0=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02wbm02WZFYopf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVA45THiZ0oEQsGEVnNbtDimTUK1f8qj8XWYUghwrkqvfKX92+ZlnCFTJJre0EforhhBoUTPJpqZtZnlI2ogPecahowm04mW87JWfO6ZNYG/cUkrn7e2JCE2vHSeQ6E4pDu1ybmf/VOhnG1+FEqDRDrtjioziTBDWZnU76wnCGcuyAMiPcroQNqaEMXUAlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/yPn8ALUaO2g==</latexit><latexit sha1_base64="MJyThnKFklopy6PRXWSIJbn84M0=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02wbm02WZFYopf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVA45THiZ0oEQsGEVnNbtDimTUK1f8qj8XWYUghwrkqvfKX92+ZlnCFTJJre0EforhhBoUTPJpqZtZnlI2ogPecahowm04mW87JWfO6ZNYG/cUkrn7e2JCE2vHSeQ6E4pDu1ybmf/VOhnG1+FEqDRDrtjioziTBDWZnU76wnCGcuyAMiPcroQNqaEMXUAlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/yPn8ALUaO2g==</latexit><latexit sha1_base64="MJyThnKFklopy6PRXWSIJbn84M0=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02wbm02WZFYopf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVA45THiZ0oEQsGEVnNbtDimTUK1f8qj8XWYUghwrkqvfKX92+ZlnCFTJJre0EforhhBoUTPJpqZtZnlI2ogPecahowm04mW87JWfO6ZNYG/cUkrn7e2JCE2vHSeQ6E4pDu1ybmf/VOhnG1+FEqDRDrtjioziTBDWZnU76wnCGcuyAMiPcroQNqaEMXUAlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/yPn8ALUaO2g==</latexit>

�̂
<latexit sha1_base64="+aLuM7hBjfSpPGsoNqtXi57l3Ts=">AAAB8HicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosunFZwV6kM5RMmumE5jIkZ4RS+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzx5ngFnz/2yutrW9sbpW3Kzu7e/sH1cOjttW5oaxFtdCmGxPLBFesBRwE62aGERkL1olHt7N654kZy7V6gHHGIkmGiiecEnDWY5gSwKFJdb9a8+v+XHgVggJqqFCzX/0KB5rmkimggljbC/wMogkxwKlg00qYW5YROiJD1nOoiGQ2mswXnuIz5wxwoo17CvDc/T0xIdLasYxdpySQ2uXazPyv1sshuY4mXGU5MEUXHyW5wKDx7Ho84IZREGMHhBrudsU0JYZQcBlVXAjB8smr0L6oB47vL2uNmyKOMjpBp+gcBegKNdAdaqIWokiiZ/SK3jzjvXjv3seiteQVM8foj7zPH3+nkDI=</latexit><latexit sha1_base64="+aLuM7hBjfSpPGsoNqtXi57l3Ts=">AAAB8HicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosunFZwV6kM5RMmumE5jIkZ4RS+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzx5ngFnz/2yutrW9sbpW3Kzu7e/sH1cOjttW5oaxFtdCmGxPLBFesBRwE62aGERkL1olHt7N654kZy7V6gHHGIkmGiiecEnDWY5gSwKFJdb9a8+v+XHgVggJqqFCzX/0KB5rmkimggljbC/wMogkxwKlg00qYW5YROiJD1nOoiGQ2mswXnuIz5wxwoo17CvDc/T0xIdLasYxdpySQ2uXazPyv1sshuY4mXGU5MEUXHyW5wKDx7Ho84IZREGMHhBrudsU0JYZQcBlVXAjB8smr0L6oB47vL2uNmyKOMjpBp+gcBegKNdAdaqIWokiiZ/SK3jzjvXjv3seiteQVM8foj7zPH3+nkDI=</latexit><latexit sha1_base64="+aLuM7hBjfSpPGsoNqtXi57l3Ts=">AAAB8HicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosunFZwV6kM5RMmumE5jIkZ4RS+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzx5ngFnz/2yutrW9sbpW3Kzu7e/sH1cOjttW5oaxFtdCmGxPLBFesBRwE62aGERkL1olHt7N654kZy7V6gHHGIkmGiiecEnDWY5gSwKFJdb9a8+v+XHgVggJqqFCzX/0KB5rmkimggljbC/wMogkxwKlg00qYW5YROiJD1nOoiGQ2mswXnuIz5wxwoo17CvDc/T0xIdLasYxdpySQ2uXazPyv1sshuY4mXGU5MEUXHyW5wKDx7Ho84IZREGMHhBrudsU0JYZQcBlVXAjB8smr0L6oB47vL2uNmyKOMjpBp+gcBegKNdAdaqIWokiiZ/SK3jzjvXjv3seiteQVM8foj7zPH3+nkDI=</latexit><latexit sha1_base64="+aLuM7hBjfSpPGsoNqtXi57l3Ts=">AAAB8HicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosunFZwV6kM5RMmumE5jIkZ4RS+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzx5ngFnz/2yutrW9sbpW3Kzu7e/sH1cOjttW5oaxFtdCmGxPLBFesBRwE62aGERkL1olHt7N654kZy7V6gHHGIkmGiiecEnDWY5gSwKFJdb9a8+v+XHgVggJqqFCzX/0KB5rmkimggljbC/wMogkxwKlg00qYW5YROiJD1nOoiGQ2mswXnuIz5wxwoo17CvDc/T0xIdLasYxdpySQ2uXazPyv1sshuY4mXGU5MEUXHyW5wKDx7Ho84IZREGMHhBrudsU0JYZQcBlVXAjB8smr0L6oB47vL2uNmyKOMjpBp+gcBegKNdAdaqIWokiiZ/SK3jzjvXjv3seiteQVM8foj7zPH3+nkDI=</latexit>

P �
<latexit sha1_base64="0C2EVdwBQIhpfJ/GKBU8ej38PmY=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF9FQSKeix6MVjFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH80kQT+iQ8lDzqix1kPjvF+uuFV3LrIKXg4VyNXol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz+abTsmZdQYkjJV90pC5+3sio5HWkyiwnRE1I71cm5n/1bqpCa/9jMskNSjZ4qMwFcTEZHY2GXCFzIiJBcoUt7sSNqKKMmPDKdkQvOWTV6F1WfUs39cq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+yPn8AQn6jQU=</latexit><latexit sha1_base64="0C2EVdwBQIhpfJ/GKBU8ej38PmY=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF9FQSKeix6MVjFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH80kQT+iQ8lDzqix1kPjvF+uuFV3LrIKXg4VyNXol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz+abTsmZdQYkjJV90pC5+3sio5HWkyiwnRE1I71cm5n/1bqpCa/9jMskNSjZ4qMwFcTEZHY2GXCFzIiJBcoUt7sSNqKKMmPDKdkQvOWTV6F1WfUs39cq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+yPn8AQn6jQU=</latexit><latexit sha1_base64="0C2EVdwBQIhpfJ/GKBU8ej38PmY=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF9FQSKeix6MVjFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH80kQT+iQ8lDzqix1kPjvF+uuFV3LrIKXg4VyNXol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz+abTsmZdQYkjJV90pC5+3sio5HWkyiwnRE1I71cm5n/1bqpCa/9jMskNSjZ4qMwFcTEZHY2GXCFzIiJBcoUt7sSNqKKMmPDKdkQvOWTV6F1WfUs39cq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+yPn8AQn6jQU=</latexit><latexit sha1_base64="0C2EVdwBQIhpfJ/GKBU8ej38PmY=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF9FQSKeix6MVjFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH80kQT+iQ8lDzqix1kPjvF+uuFV3LrIKXg4VyNXol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz+abTsmZdQYkjJV90pC5+3sio5HWkyiwnRE1I71cm5n/1bqpCa/9jMskNSjZ4qMwFcTEZHY2GXCFzIiJBcoUt7sSNqKKMmPDKdkQvOWTV6F1WfUs39cq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+yPn8AQn6jQU=</latexit>

z
<latexit sha1_base64="ZxpkeWP7OiuYrtNqeUSJ8s3zMA0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1QQ3+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A6UOM/g==</latexit><latexit sha1_base64="ZxpkeWP7OiuYrtNqeUSJ8s3zMA0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1QQ3+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A6UOM/g==</latexit><latexit sha1_base64="ZxpkeWP7OiuYrtNqeUSJ8s3zMA0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1QQ3+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A6UOM/g==</latexit><latexit sha1_base64="ZxpkeWP7OiuYrtNqeUSJ8s3zMA0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1QQ3+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A6UOM/g==</latexit>

En efecto, vemos que el vector ~r, que va desde O hasta P , es el resultado de la suma

del vector ⇢⇢̂, que va desde O hasta P
0, y el vector zk̂, que va desde P

0 hasta P .
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1.11 Velocidad en coordenadas ciĺındricas

Ahora que tenemos una expresión para la posición en coordenadas ciĺındricas, obteng-

amos una expresión correspondiente para la velocidad. En primer lugar, recodemos

que la velocidad, al ser un vector, podemos expresarla con respecto a la base ciĺındrica

de la forma

~v = v⇢⇢̂+ v��̂+ vzk̂. (1.49)

El desaf́ıo que tenemos es obtener expresiones concretas para las componentes v⇢,

v� y vz. Para proceder, recordemos que la definición de velocidad viene dada por

~v = d~r/dt. Luego, bastará calcular

~v =
d

dt

⇣
⇢⇢̂+ zk̂

⌘
. (1.50)

Desarrollando, vemos que

~v = ⇢̇⇢̂+ ⇢ ˙̂⇢+ żk̂. (1.51)

Luego, es necesario contar con la derivada temporal de ⇢̂. Dado que ⇢̂ depende de �,

y � a su vez depende del tiempo (porque la part́ıcula P estará moviéndose), entonces,

para calcular ˙̂⇢, debemos utilizar la regla de la cadena:

˙̂⇢ =
@⇢̂

@�
�̇ = �̂ �̇, (1.52)

donde utilizamos (1.43). De esta forma, obtenemos que la velocidad en coordenadas

ciĺındricas viene dada por

~v = ⇢̇⇢̂+ ⇢�̇�̂+ żk̂. (1.53)

De esta forma, vemos que

v⇢ = ⇢̇, (1.54)

v� = ⇢�̇, (1.55)

vz = ż. (1.56)
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1.12 Aceleración en coordenadas ciĺındricas

Al igual que con la velocidad, podemos escribir la aceleración en coordenadas ciĺındricas

de la forma:

~a = a⇢⇢̂+ a��̂+ azk̂. (1.57)

Para obtener expresiones para a⇢, a� y az, procedamos a derivar ~v obtenida en (1.53)

con respecto al tiempo:

~a =
d

dt

⇣
⇢̇⇢̂+ ⇢�̇�̂+ żk̂

⌘
, (1.58)

= ⇢̈⇢̂+ ⇢̇ ˙̂⇢+ ⇢̇�̇�̂+ ⇢�̈�̂+ ⇢�̇
˙̂
�+ z̈k̂, (1.59)

= ⇢̈⇢̂+ 2⇢̇�̇�̂+ ⇢�̈�̂+ ⇢�̇
˙̂
�+ z̈k̂, (1.60)

donde, en el último paso, usamos ˙̂⇢ = �̇�̂. Para avanzar, necesitamos conocer ˙̂
�, lo

que puede lograrse de la siguiente manera

˙̂
� =

@�̂

@�
�̇ = �⇢̂ �̇, (1.61)

donde utilizamos (1.44). Ingresando este resultado de regreso en (1.60) nos entrega

la siguiente relación para la aceleración:

~a = (⇢̈ � �̇
2
⇢)⇢̂+ (⇢�̈+ 2⇢̇�̇)�̂+ z̈k̂, (1.62)

Luego, sigue que

a⇢ = ⇢̈ � �̇
2
⇢, (1.63)

a� = ⇢�̈+ 2⇢̇�̇, (1.64)

az = z̈. (1.65)
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1.13 Coordenadas esféricas

Llegó la hora de enfrentar a las temibles coordenadas esféricas. Estas se definen en

términos de las coordenadas cartesianas de la siguiente forma:

r =
p

x2 + y2 + z2, (1.66)

� = arctan
y

x
, (1.67)

✓ = arctan

p
x2 + y2

z
. (1.68)

A partir de estas definiciones, es posible encontrar las siguientes relaciones inversas

x = r sin ✓ cos�, (1.69)

y = r sin ✓ sin�, (1.70)

z = r cos ✓. (1.71)

La siguiente figura nos ayudará a visualizarlas:

x
<latexit sha1_base64="IArQpDG4Gw7Ax+5Wri9CZWKD4Bo=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1YQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A5juM/A==</latexit><latexit sha1_base64="IArQpDG4Gw7Ax+5Wri9CZWKD4Bo=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1YQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A5juM/A==</latexit><latexit sha1_base64="IArQpDG4Gw7Ax+5Wri9CZWKD4Bo=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1YQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A5juM/A==</latexit><latexit sha1_base64="IArQpDG4Gw7Ax+5Wri9CZWKD4Bo=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1YQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A5juM/A==</latexit>

y
<latexit sha1_base64="kBWpEtbVW3xlz0t9EJbdPDfcZn0=">AAAB6HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXjy2YD+gDWWznbRrN5uwuxFC6C/w4kERr/4kb/4bt20O2vrCwsM7M+zMGySCa+O6387a+sbm1nZpp7y7t39wWDk6bus4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcjerd55QaR7LB5Ml6Ed0JHnIGTXWamaDStWtuXORVfAKqEKhxqDy1R/GLI1QGiao1j3PTYyfU2U4Ezgt91ONCWUTOsKeRUkj1H4+X3RKzq0zJGGs7JOGzN3fEzmNtM6iwHZG1Iz1cm1m/lfrpSa88XMuk9SgZIuPwlQQE5PZ1WTIFTIjMguUKW53JWxMFWXGZlO2IXjLJ69C+7LmWW5eVeu3RRwlOIUzuAAPrqEO99CAFjBAeIZXeHMenRfn3flYtK45xcwJ/JHz+QPnv4z9</latexit><latexit sha1_base64="kBWpEtbVW3xlz0t9EJbdPDfcZn0=">AAAB6HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXjy2YD+gDWWznbRrN5uwuxFC6C/w4kERr/4kb/4bt20O2vrCwsM7M+zMGySCa+O6387a+sbm1nZpp7y7t39wWDk6bus4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcjerd55QaR7LB5Ml6Ed0JHnIGTXWamaDStWtuXORVfAKqEKhxqDy1R/GLI1QGiao1j3PTYyfU2U4Ezgt91ONCWUTOsKeRUkj1H4+X3RKzq0zJGGs7JOGzN3fEzmNtM6iwHZG1Iz1cm1m/lfrpSa88XMuk9SgZIuPwlQQE5PZ1WTIFTIjMguUKW53JWxMFWXGZlO2IXjLJ69C+7LmWW5eVeu3RRwlOIUzuAAPrqEO99CAFjBAeIZXeHMenRfn3flYtK45xcwJ/JHz+QPnv4z9</latexit><latexit sha1_base64="kBWpEtbVW3xlz0t9EJbdPDfcZn0=">AAAB6HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXjy2YD+gDWWznbRrN5uwuxFC6C/w4kERr/4kb/4bt20O2vrCwsM7M+zMGySCa+O6387a+sbm1nZpp7y7t39wWDk6bus4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcjerd55QaR7LB5Ml6Ed0JHnIGTXWamaDStWtuXORVfAKqEKhxqDy1R/GLI1QGiao1j3PTYyfU2U4Ezgt91ONCWUTOsKeRUkj1H4+X3RKzq0zJGGs7JOGzN3fEzmNtM6iwHZG1Iz1cm1m/lfrpSa88XMuk9SgZIuPwlQQE5PZ1WTIFTIjMguUKW53JWxMFWXGZlO2IXjLJ69C+7LmWW5eVeu3RRwlOIUzuAAPrqEO99CAFjBAeIZXeHMenRfn3flYtK45xcwJ/JHz+QPnv4z9</latexit><latexit sha1_base64="kBWpEtbVW3xlz0t9EJbdPDfcZn0=">AAAB6HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXjy2YD+gDWWznbRrN5uwuxFC6C/w4kERr/4kb/4bt20O2vrCwsM7M+zMGySCa+O6387a+sbm1nZpp7y7t39wWDk6bus4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcjerd55QaR7LB5Ml6Ed0JHnIGTXWamaDStWtuXORVfAKqEKhxqDy1R/GLI1QGiao1j3PTYyfU2U4Ezgt91ONCWUTOsKeRUkj1H4+X3RKzq0zJGGs7JOGzN3fEzmNtM6iwHZG1Iz1cm1m/lfrpSa88XMuk9SgZIuPwlQQE5PZ1WTIFTIjMguUKW53JWxMFWXGZlO2IXjLJ69C+7LmWW5eVeu3RRwlOIUzuAAPrqEO99CAFjBAeIZXeHMenRfn3flYtK45xcwJ/JHz+QPnv4z9</latexit>

z
<latexit sha1_base64="ZxpkeWP7OiuYrtNqeUSJ8s3zMA0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1QQ3+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A6UOM/g==</latexit><latexit sha1_base64="ZxpkeWP7OiuYrtNqeUSJ8s3zMA0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1QQ3+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A6UOM/g==</latexit><latexit sha1_base64="ZxpkeWP7OiuYrtNqeUSJ8s3zMA0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1QQ3+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A6UOM/g==</latexit><latexit sha1_base64="ZxpkeWP7OiuYrtNqeUSJ8s3zMA0=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1QQ3+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A6UOM/g==</latexit>

�
<latexit sha1_base64="yXjtFj01ayGEtbxyWlOC8kSd3gg=">AAAB63icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunFZwdZCG8pkOmmGziXMTIQS+gpuXCji1hdy59s4abPQ1h8GPv5zDnPOH6WcGev7315lbX1jc6u6XdvZ3ds/qB8edY3KNKEdorjSvQgbypmkHcssp71UUywiTh+jyW1Rf3yi2jAlH+w0paHAY8liRrAtrIFO1LDe8Jv+XGgVghIaUKo9rH8NRopkgkpLODamH/ipDXOsLSOczmqDzNAUkwke075DiQU1YT7fdYbOnDNCsdLuSYvm7u+JHAtjpiJynQLbxCzXCvO/Wj+z8XWYM5lmlkqy+CjOOLIKFYejEdOUWD51gIlmbldEEqwxsS6emgshWD55FboXzcDx/WWjdVPGUYUTOIVzCOAKWnAHbegAgQSe4RXePOG9eO/ex6K14pUzx/BH3ucPH66ORw==</latexit><latexit sha1_base64="yXjtFj01ayGEtbxyWlOC8kSd3gg=">AAAB63icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunFZwdZCG8pkOmmGziXMTIQS+gpuXCji1hdy59s4abPQ1h8GPv5zDnPOH6WcGev7315lbX1jc6u6XdvZ3ds/qB8edY3KNKEdorjSvQgbypmkHcssp71UUywiTh+jyW1Rf3yi2jAlH+w0paHAY8liRrAtrIFO1LDe8Jv+XGgVghIaUKo9rH8NRopkgkpLODamH/ipDXOsLSOczmqDzNAUkwke075DiQU1YT7fdYbOnDNCsdLuSYvm7u+JHAtjpiJynQLbxCzXCvO/Wj+z8XWYM5lmlkqy+CjOOLIKFYejEdOUWD51gIlmbldEEqwxsS6emgshWD55FboXzcDx/WWjdVPGUYUTOIVzCOAKWnAHbegAgQSe4RXePOG9eO/ex6K14pUzx/BH3ucPH66ORw==</latexit><latexit sha1_base64="yXjtFj01ayGEtbxyWlOC8kSd3gg=">AAAB63icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunFZwdZCG8pkOmmGziXMTIQS+gpuXCji1hdy59s4abPQ1h8GPv5zDnPOH6WcGev7315lbX1jc6u6XdvZ3ds/qB8edY3KNKEdorjSvQgbypmkHcssp71UUywiTh+jyW1Rf3yi2jAlH+w0paHAY8liRrAtrIFO1LDe8Jv+XGgVghIaUKo9rH8NRopkgkpLODamH/ipDXOsLSOczmqDzNAUkwke075DiQU1YT7fdYbOnDNCsdLuSYvm7u+JHAtjpiJynQLbxCzXCvO/Wj+z8XWYM5lmlkqy+CjOOLIKFYejEdOUWD51gIlmbldEEqwxsS6emgshWD55FboXzcDx/WWjdVPGUYUTOIVzCOAKWnAHbegAgQSe4RXePOG9eO/ex6K14pUzx/BH3ucPH66ORw==</latexit><latexit sha1_base64="yXjtFj01ayGEtbxyWlOC8kSd3gg=">AAAB63icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunFZwdZCG8pkOmmGziXMTIQS+gpuXCji1hdy59s4abPQ1h8GPv5zDnPOH6WcGev7315lbX1jc6u6XdvZ3ds/qB8edY3KNKEdorjSvQgbypmkHcssp71UUywiTh+jyW1Rf3yi2jAlH+w0paHAY8liRrAtrIFO1LDe8Jv+XGgVghIaUKo9rH8NRopkgkpLODamH/ipDXOsLSOczmqDzNAUkwke075DiQU1YT7fdYbOnDNCsdLuSYvm7u+JHAtjpiJynQLbxCzXCvO/Wj+z8XWYM5lmlkqy+CjOOLIKFYejEdOUWD51gIlmbldEEqwxsS6emgshWD55FboXzcDx/WWjdVPGUYUTOIVzCOAKWnAHbegAgQSe4RXePOG9eO/ex6K14pUzx/BH3ucPH66ORw==</latexit>

�
<latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit><latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit><latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit><latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit>

P
<latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit>

O
<latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit><latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit><latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit><latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit>

P �
<latexit sha1_base64="0C2EVdwBQIhpfJ/GKBU8ej38PmY=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF9FQSKeix6MVjFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH80kQT+iQ8lDzqix1kPjvF+uuFV3LrIKXg4VyNXol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz+abTsmZdQYkjJV90pC5+3sio5HWkyiwnRE1I71cm5n/1bqpCa/9jMskNSjZ4qMwFcTEZHY2GXCFzIiJBcoUt7sSNqKKMmPDKdkQvOWTV6F1WfUs39cq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+yPn8AQn6jQU=</latexit><latexit sha1_base64="0C2EVdwBQIhpfJ/GKBU8ej38PmY=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF9FQSKeix6MVjFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH80kQT+iQ8lDzqix1kPjvF+uuFV3LrIKXg4VyNXol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz+abTsmZdQYkjJV90pC5+3sio5HWkyiwnRE1I71cm5n/1bqpCa/9jMskNSjZ4qMwFcTEZHY2GXCFzIiJBcoUt7sSNqKKMmPDKdkQvOWTV6F1WfUs39cq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+yPn8AQn6jQU=</latexit><latexit sha1_base64="0C2EVdwBQIhpfJ/GKBU8ej38PmY=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF9FQSKeix6MVjFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH80kQT+iQ8lDzqix1kPjvF+uuFV3LrIKXg4VyNXol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz+abTsmZdQYkjJV90pC5+3sio5HWkyiwnRE1I71cm5n/1bqpCa/9jMskNSjZ4qMwFcTEZHY2GXCFzIiJBcoUt7sSNqKKMmPDKdkQvOWTV6F1WfUs39cq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+yPn8AQn6jQU=</latexit><latexit sha1_base64="0C2EVdwBQIhpfJ/GKBU8ej38PmY=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF9FQSKeix6MVjFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH80kQT+iQ8lDzqix1kPjvF+uuFV3LrIKXg4VyNXol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz+abTsmZdQYkjJV90pC5+3sio5HWkyiwnRE1I71cm5n/1bqpCa/9jMskNSjZ4qMwFcTEZHY2GXCFzIiJBcoUt7sSNqKKMmPDKdkQvOWTV6F1WfUs39cq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+yPn8AQn6jQU=</latexit>

r
<latexit sha1_base64="bGRaWgSPycV+qtBF0H0VhMzGH3k=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYalCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/dI4z2</latexit><latexit sha1_base64="bGRaWgSPycV+qtBF0H0VhMzGH3k=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYalCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/dI4z2</latexit><latexit sha1_base64="bGRaWgSPycV+qtBF0H0VhMzGH3k=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYalCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/dI4z2</latexit><latexit sha1_base64="bGRaWgSPycV+qtBF0H0VhMzGH3k=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYalCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/dI4z2</latexit>

�
<latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit><latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit><latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit><latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit>

Como es posible apreciar, r es la distancia entre O y P . El ángulo � coincide con el

ángulo de las coordenadas ciĺındricas, y corresponde al ángulo entre el eje x y la recta

OP
0. Por último, el ángulo ✓ es el ángulo entre el eje z y la recta OP . Adicionalmente,

notemos que la coordenada ciĺındrica ⇢ puede escribirse en términos de r y ✓ de la

siguiente forma:

⇢ = r sin ✓. (1.72)
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1.14 Base esférica

Junto con la definición de las coordenadas esféricas, definamos una nueva base de

vectores, r̂, ✓̂ y �̂, llamada base esférica. Estas vienen definidas en términos de la

base cartesiana de la siguiente manera:

r̂ ⌘ sin ✓ cos� ı̂+ sin ✓ sin� |̂+ cos ✓ k̂, (1.73)

✓̂ ⌘ cos ✓ cos� ı̂+ cos ✓ sin� |̂ � sin ✓ k̂, (1.74)

�̂ ⌘ � sin� ı̂+ cos� |̂. (1.75)

La siguiente figura nos permitirá visualizar la orientación de esta base:

�
<latexit sha1_base64="yXjtFj01ayGEtbxyWlOC8kSd3gg=">AAAB63icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunFZwdZCG8pkOmmGziXMTIQS+gpuXCji1hdy59s4abPQ1h8GPv5zDnPOH6WcGev7315lbX1jc6u6XdvZ3ds/qB8edY3KNKEdorjSvQgbypmkHcssp71UUywiTh+jyW1Rf3yi2jAlH+w0paHAY8liRrAtrIFO1LDe8Jv+XGgVghIaUKo9rH8NRopkgkpLODamH/ipDXOsLSOczmqDzNAUkwke075DiQU1YT7fdYbOnDNCsdLuSYvm7u+JHAtjpiJynQLbxCzXCvO/Wj+z8XWYM5lmlkqy+CjOOLIKFYejEdOUWD51gIlmbldEEqwxsS6emgshWD55FboXzcDx/WWjdVPGUYUTOIVzCOAKWnAHbegAgQSe4RXePOG9eO/ex6K14pUzx/BH3ucPH66ORw==</latexit><latexit sha1_base64="yXjtFj01ayGEtbxyWlOC8kSd3gg=">AAAB63icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunFZwdZCG8pkOmmGziXMTIQS+gpuXCji1hdy59s4abPQ1h8GPv5zDnPOH6WcGev7315lbX1jc6u6XdvZ3ds/qB8edY3KNKEdorjSvQgbypmkHcssp71UUywiTh+jyW1Rf3yi2jAlH+w0paHAY8liRrAtrIFO1LDe8Jv+XGgVghIaUKo9rH8NRopkgkpLODamH/ipDXOsLSOczmqDzNAUkwke075DiQU1YT7fdYbOnDNCsdLuSYvm7u+JHAtjpiJynQLbxCzXCvO/Wj+z8XWYM5lmlkqy+CjOOLIKFYejEdOUWD51gIlmbldEEqwxsS6emgshWD55FboXzcDx/WWjdVPGUYUTOIVzCOAKWnAHbegAgQSe4RXePOG9eO/ex6K14pUzx/BH3ucPH66ORw==</latexit><latexit sha1_base64="yXjtFj01ayGEtbxyWlOC8kSd3gg=">AAAB63icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunFZwdZCG8pkOmmGziXMTIQS+gpuXCji1hdy59s4abPQ1h8GPv5zDnPOH6WcGev7315lbX1jc6u6XdvZ3ds/qB8edY3KNKEdorjSvQgbypmkHcssp71UUywiTh+jyW1Rf3yi2jAlH+w0paHAY8liRrAtrIFO1LDe8Jv+XGgVghIaUKo9rH8NRopkgkpLODamH/ipDXOsLSOczmqDzNAUkwke075DiQU1YT7fdYbOnDNCsdLuSYvm7u+JHAtjpiJynQLbxCzXCvO/Wj+z8XWYM5lmlkqy+CjOOLIKFYejEdOUWD51gIlmbldEEqwxsS6emgshWD55FboXzcDx/WWjdVPGUYUTOIVzCOAKWnAHbegAgQSe4RXePOG9eO/ex6K14pUzx/BH3ucPH66ORw==</latexit><latexit sha1_base64="yXjtFj01ayGEtbxyWlOC8kSd3gg=">AAAB63icbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosunFZwdZCG8pkOmmGziXMTIQS+gpuXCji1hdy59s4abPQ1h8GPv5zDnPOH6WcGev7315lbX1jc6u6XdvZ3ds/qB8edY3KNKEdorjSvQgbypmkHcssp71UUywiTh+jyW1Rf3yi2jAlH+w0paHAY8liRrAtrIFO1LDe8Jv+XGgVghIaUKo9rH8NRopkgkpLODamH/ipDXOsLSOczmqDzNAUkwke075DiQU1YT7fdYbOnDNCsdLuSYvm7u+JHAtjpiJynQLbxCzXCvO/Wj+z8XWYM5lmlkqy+CjOOLIKFYejEdOUWD51gIlmbldEEqwxsS6emgshWD55FboXzcDx/WWjdVPGUYUTOIVzCOAKWnAHbegAgQSe4RXePOG9eO/ex6K14pUzx/BH3ucPH66ORw==</latexit>

�
<latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit><latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit><latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit><latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit>

O
<latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit><latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit><latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit><latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit>

�
<latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit><latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit><latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit><latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit>

�̂
<latexit sha1_base64="+r/yHFJ7w4rlv9eT7SpEpKC2iRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZoWTSTBubSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknSgU34LrfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNL9iBgmuGQd4CBYP9WMJJFgvWhyW/i9J6YNV/IBpikLEzKSPOaUgJX8YEwAB48JgfGg3nCb7hx4lXglaaAS7UH9KxgqmiVMAhXEGN9zUwhzooFTwWa1IDMsJXRCRsy3VJKEmTCfR57hM6sMcay0fRLwXP29kZPEmGkS2ckinFn2CvE/z88gvg5zLtMMmKSLj+JMYFC4uB8PuWYUxNQSQjW3WTEdE00o2JZqtgRv+eRV0r1oepbfXzZaN2UdVXSCTtE58tAVaqE71EYdRJFCz+gVvTngvDjvzsditOKUO8foD5zPHwRekRE=</latexit><latexit sha1_base64="+r/yHFJ7w4rlv9eT7SpEpKC2iRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZoWTSTBubSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknSgU34LrfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNL9iBgmuGQd4CBYP9WMJJFgvWhyW/i9J6YNV/IBpikLEzKSPOaUgJX8YEwAB48JgfGg3nCb7hx4lXglaaAS7UH9KxgqmiVMAhXEGN9zUwhzooFTwWa1IDMsJXRCRsy3VJKEmTCfR57hM6sMcay0fRLwXP29kZPEmGkS2ckinFn2CvE/z88gvg5zLtMMmKSLj+JMYFC4uB8PuWYUxNQSQjW3WTEdE00o2JZqtgRv+eRV0r1oepbfXzZaN2UdVXSCTtE58tAVaqE71EYdRJFCz+gVvTngvDjvzsditOKUO8foD5zPHwRekRE=</latexit><latexit sha1_base64="+r/yHFJ7w4rlv9eT7SpEpKC2iRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZoWTSTBubSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknSgU34LrfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNL9iBgmuGQd4CBYP9WMJJFgvWhyW/i9J6YNV/IBpikLEzKSPOaUgJX8YEwAB48JgfGg3nCb7hx4lXglaaAS7UH9KxgqmiVMAhXEGN9zUwhzooFTwWa1IDMsJXRCRsy3VJKEmTCfR57hM6sMcay0fRLwXP29kZPEmGkS2ckinFn2CvE/z88gvg5zLtMMmKSLj+JMYFC4uB8PuWYUxNQSQjW3WTEdE00o2JZqtgRv+eRV0r1oepbfXzZaN2UdVXSCTtE58tAVaqE71EYdRJFCz+gVvTngvDjvzsditOKUO8foD5zPHwRekRE=</latexit><latexit sha1_base64="+r/yHFJ7w4rlv9eT7SpEpKC2iRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZoWTSTBubSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknSgU34LrfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNL9iBgmuGQd4CBYP9WMJJFgvWhyW/i9J6YNV/IBpikLEzKSPOaUgJX8YEwAB48JgfGg3nCb7hx4lXglaaAS7UH9KxgqmiVMAhXEGN9zUwhzooFTwWa1IDMsJXRCRsy3VJKEmTCfR57hM6sMcay0fRLwXP29kZPEmGkS2ckinFn2CvE/z88gvg5zLtMMmKSLj+JMYFC4uB8PuWYUxNQSQjW3WTEdE00o2JZqtgRv+eRV0r1oepbfXzZaN2UdVXSCTtE58tAVaqE71EYdRJFCz+gVvTngvDjvzsditOKUO8foD5zPHwRekRE=</latexit>

k̂
<latexit sha1_base64="MJyThnKFklopy6PRXWSIJbn84M0=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02wbm02WZFYopf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVA45THiZ0oEQsGEVnNbtDimTUK1f8qj8XWYUghwrkqvfKX92+ZlnCFTJJre0EforhhBoUTPJpqZtZnlI2ogPecahowm04mW87JWfO6ZNYG/cUkrn7e2JCE2vHSeQ6E4pDu1ybmf/VOhnG1+FEqDRDrtjioziTBDWZnU76wnCGcuyAMiPcroQNqaEMXUAlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/yPn8ALUaO2g==</latexit><latexit sha1_base64="MJyThnKFklopy6PRXWSIJbn84M0=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02wbm02WZFYopf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVA45THiZ0oEQsGEVnNbtDimTUK1f8qj8XWYUghwrkqvfKX92+ZlnCFTJJre0EforhhBoUTPJpqZtZnlI2ogPecahowm04mW87JWfO6ZNYG/cUkrn7e2JCE2vHSeQ6E4pDu1ybmf/VOhnG1+FEqDRDrtjioziTBDWZnU76wnCGcuyAMiPcroQNqaEMXUAlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/yPn8ALUaO2g==</latexit><latexit sha1_base64="MJyThnKFklopy6PRXWSIJbn84M0=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02wbm02WZFYopf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVA45THiZ0oEQsGEVnNbtDimTUK1f8qj8XWYUghwrkqvfKX92+ZlnCFTJJre0EforhhBoUTPJpqZtZnlI2ogPecahowm04mW87JWfO6ZNYG/cUkrn7e2JCE2vHSeQ6E4pDu1ybmf/VOhnG1+FEqDRDrtjioziTBDWZnU76wnCGcuyAMiPcroQNqaEMXUAlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/yPn8ALUaO2g==</latexit><latexit sha1_base64="MJyThnKFklopy6PRXWSIJbn84M0=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02wbm02WZFYopf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVA45THiZ0oEQsGEVnNbtDimTUK1f8qj8XWYUghwrkqvfKX92+ZlnCFTJJre0EforhhBoUTPJpqZtZnlI2ogPecahowm04mW87JWfO6ZNYG/cUkrn7e2JCE2vHSeQ6E4pDu1ybmf/VOhnG1+FEqDRDrtjioziTBDWZnU76wnCGcuyAMiPcroQNqaEMXUAlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/yPn8ALUaO2g==</latexit>

ı̂
<latexit sha1_base64="ceHryc8WaJuW2N20lLaA68ZJN+s=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRS3x9TJL6IKY4H9YbbdOcgq8QrSQNKtAf1L3+oWBbzBJmkxvQ9N8UgpxoFk3xW8zPDU8omdMT7liY05ibI55Fn5MwqQxIpbV+CZK7+3shpbMw0Du1kEc4se4X4n9fPMLoOcpGkGfKELT6KMklQkeJ+MhSaM5RTSyjTwmYlbEw1ZWhbqtkSvOWTV0n3oulZfn/ZaN2UdVThBE7hHDy4ghbcQRs6wEDBM7zCm4POi/PufCxGK065cwx/4Hz+AALWkRA=</latexit><latexit sha1_base64="ceHryc8WaJuW2N20lLaA68ZJN+s=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRS3x9TJL6IKY4H9YbbdOcgq8QrSQNKtAf1L3+oWBbzBJmkxvQ9N8UgpxoFk3xW8zPDU8omdMT7liY05ibI55Fn5MwqQxIpbV+CZK7+3shpbMw0Du1kEc4se4X4n9fPMLoOcpGkGfKELT6KMklQkeJ+MhSaM5RTSyjTwmYlbEw1ZWhbqtkSvOWTV0n3oulZfn/ZaN2UdVThBE7hHDy4ghbcQRs6wEDBM7zCm4POi/PufCxGK065cwx/4Hz+AALWkRA=</latexit><latexit sha1_base64="ceHryc8WaJuW2N20lLaA68ZJN+s=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRS3x9TJL6IKY4H9YbbdOcgq8QrSQNKtAf1L3+oWBbzBJmkxvQ9N8UgpxoFk3xW8zPDU8omdMT7liY05ibI55Fn5MwqQxIpbV+CZK7+3shpbMw0Du1kEc4se4X4n9fPMLoOcpGkGfKELT6KMklQkeJ+MhSaM5RTSyjTwmYlbEw1ZWhbqtkSvOWTV0n3oulZfn/ZaN2UdVThBE7hHDy4ghbcQRs6wEDBM7zCm4POi/PufCxGK065cwx/4Hz+AALWkRA=</latexit><latexit sha1_base64="ceHryc8WaJuW2N20lLaA68ZJN+s=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRS3x9TJL6IKY4H9YbbdOcgq8QrSQNKtAf1L3+oWBbzBJmkxvQ9N8UgpxoFk3xW8zPDU8omdMT7liY05ibI55Fn5MwqQxIpbV+CZK7+3shpbMw0Du1kEc4se4X4n9fPMLoOcpGkGfKELT6KMklQkeJ+MhSaM5RTSyjTwmYlbEw1ZWhbqtkSvOWTV0n3oulZfn/ZaN2UdVThBE7hHDy4ghbcQRs6wEDBM7zCm4POi/PufCxGK065cwx/4Hz+AALWkRA=</latexit>

�r
<latexit sha1_base64="cCrgZjPZ7lj6REmMyCm+c2bybUE=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOm1js8mSZAtl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OG0almmGdKaF0K6IGBZdYt9wKbCUaaRwJbEaju1m9OUZtuJKPdpJgGNOB5H3OqHVWozNGRnS3VPYr/lxkFYIcypCr1i19dXqKpTFKywQ1ph34iQ0zqi1nAqfFTmowoWxEB9h2KGmMJszm207JuXN6pK+0e9KSuft7IqOxMZM4cp0xtUOzXJuZ/9Xaqe3fhBmXSWpRssVH/VQQq8jsdNLjGpkVEweUae52JWxINWXWBVR0IQTLJ69C47ISOH64Kldv8zgKcApncAEBXEMV7qEGdWDwBM/wCm+e8l68d+9j0brm5TMn8Efe5w85iI7i</latexit><latexit sha1_base64="cCrgZjPZ7lj6REmMyCm+c2bybUE=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOm1js8mSZAtl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OG0almmGdKaF0K6IGBZdYt9wKbCUaaRwJbEaju1m9OUZtuJKPdpJgGNOB5H3OqHVWozNGRnS3VPYr/lxkFYIcypCr1i19dXqKpTFKywQ1ph34iQ0zqi1nAqfFTmowoWxEB9h2KGmMJszm207JuXN6pK+0e9KSuft7IqOxMZM4cp0xtUOzXJuZ/9Xaqe3fhBmXSWpRssVH/VQQq8jsdNLjGpkVEweUae52JWxINWXWBVR0IQTLJ69C47ISOH64Kldv8zgKcApncAEBXEMV7qEGdWDwBM/wCm+e8l68d+9j0brm5TMn8Efe5w85iI7i</latexit><latexit sha1_base64="cCrgZjPZ7lj6REmMyCm+c2bybUE=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOm1js8mSZAtl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OG0almmGdKaF0K6IGBZdYt9wKbCUaaRwJbEaju1m9OUZtuJKPdpJgGNOB5H3OqHVWozNGRnS3VPYr/lxkFYIcypCr1i19dXqKpTFKywQ1ph34iQ0zqi1nAqfFTmowoWxEB9h2KGmMJszm207JuXN6pK+0e9KSuft7IqOxMZM4cp0xtUOzXJuZ/9Xaqe3fhBmXSWpRssVH/VQQq8jsdNLjGpkVEweUae52JWxINWXWBVR0IQTLJ69C47ISOH64Kldv8zgKcApncAEBXEMV7qEGdWDwBM/wCm+e8l68d+9j0brm5TMn8Efe5w85iI7i</latexit><latexit sha1_base64="cCrgZjPZ7lj6REmMyCm+c2bybUE=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOm1js8mSZAtl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OG0almmGdKaF0K6IGBZdYt9wKbCUaaRwJbEaju1m9OUZtuJKPdpJgGNOB5H3OqHVWozNGRnS3VPYr/lxkFYIcypCr1i19dXqKpTFKywQ1ph34iQ0zqi1nAqfFTmowoWxEB9h2KGmMJszm207JuXN6pK+0e9KSuft7IqOxMZM4cp0xtUOzXJuZ/9Xaqe3fhBmXSWpRssVH/VQQq8jsdNLjGpkVEweUae52JWxINWXWBVR0IQTLJ69C47ISOH64Kldv8zgKcApncAEBXEMV7qEGdWDwBM/wCm+e8l68d+9j0brm5TMn8Efe5w85iI7i</latexit>

�̂
<latexit sha1_base64="A1O22qoNOterIHcY8TNuKCygZ7w=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QJpTNdtMs3WzC7kQopb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps014y3WCpT3Q2p4VIo3kKBknczzWkSSt4JR7ezeueJayNS9YDjjAcJHSoRCUbRWo9+TJH4WSz61Zpbd+ciq+AVUINCzX71yx+kLE+4QiapMT3PzTCYUI2CST6t+LnhGWUjOuQ9i4om3AST+cJTcmadAYlSbZ9CMnd/T0xoYsw4CW1nQjE2y7WZ+V+tl2N0HUyEynLkii0+inJJMCWz68lAaM5Qji1QpoXdlbCYasrQZlSxIXjLJ69C+6LuWb6/rDVuijjKcAKncA4eXEED7qAJLWCQwDO8wpujnRfn3flYtJacYuYY/sj5/AFzg5Aq</latexit><latexit sha1_base64="A1O22qoNOterIHcY8TNuKCygZ7w=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QJpTNdtMs3WzC7kQopb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps014y3WCpT3Q2p4VIo3kKBknczzWkSSt4JR7ezeueJayNS9YDjjAcJHSoRCUbRWo9+TJH4WSz61Zpbd+ciq+AVUINCzX71yx+kLE+4QiapMT3PzTCYUI2CST6t+LnhGWUjOuQ9i4om3AST+cJTcmadAYlSbZ9CMnd/T0xoYsw4CW1nQjE2y7WZ+V+tl2N0HUyEynLkii0+inJJMCWz68lAaM5Qji1QpoXdlbCYasrQZlSxIXjLJ69C+6LuWb6/rDVuijjKcAKncA4eXEED7qAJLWCQwDO8wpujnRfn3flYtJacYuYY/sj5/AFzg5Aq</latexit><latexit sha1_base64="A1O22qoNOterIHcY8TNuKCygZ7w=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QJpTNdtMs3WzC7kQopb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps014y3WCpT3Q2p4VIo3kKBknczzWkSSt4JR7ezeueJayNS9YDjjAcJHSoRCUbRWo9+TJH4WSz61Zpbd+ciq+AVUINCzX71yx+kLE+4QiapMT3PzTCYUI2CST6t+LnhGWUjOuQ9i4om3AST+cJTcmadAYlSbZ9CMnd/T0xoYsw4CW1nQjE2y7WZ+V+tl2N0HUyEynLkii0+inJJMCWz68lAaM5Qji1QpoXdlbCYasrQZlSxIXjLJ69C+6LuWb6/rDVuijjKcAKncA4eXEED7qAJLWCQwDO8wpujnRfn3flYtJacYuYY/sj5/AFzg5Aq</latexit><latexit sha1_base64="A1O22qoNOterIHcY8TNuKCygZ7w=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QJpTNdtMs3WzC7kQopb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps014y3WCpT3Q2p4VIo3kKBknczzWkSSt4JR7ezeueJayNS9YDjjAcJHSoRCUbRWo9+TJH4WSz61Zpbd+ciq+AVUINCzX71yx+kLE+4QiapMT3PzTCYUI2CST6t+LnhGWUjOuQ9i4om3AST+cJTcmadAYlSbZ9CMnd/T0xoYsw4CW1nQjE2y7WZ+V+tl2N0HUyEynLkii0+inJJMCWz68lAaM5Qji1QpoXdlbCYasrQZlSxIXjLJ69C+6LuWb6/rDVuijjKcAKncA4eXEED7qAJLWCQwDO8wpujnRfn3flYtJacYuYY/sj5/AFzg5Aq</latexit>

�̂
<latexit sha1_base64="A1O22qoNOterIHcY8TNuKCygZ7w=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QJpTNdtMs3WzC7kQopb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps014y3WCpT3Q2p4VIo3kKBknczzWkSSt4JR7ezeueJayNS9YDjjAcJHSoRCUbRWo9+TJH4WSz61Zpbd+ciq+AVUINCzX71yx+kLE+4QiapMT3PzTCYUI2CST6t+LnhGWUjOuQ9i4om3AST+cJTcmadAYlSbZ9CMnd/T0xoYsw4CW1nQjE2y7WZ+V+tl2N0HUyEynLkii0+inJJMCWz68lAaM5Qji1QpoXdlbCYasrQZlSxIXjLJ69C+6LuWb6/rDVuijjKcAKncA4eXEED7qAJLWCQwDO8wpujnRfn3flYtJacYuYY/sj5/AFzg5Aq</latexit><latexit sha1_base64="A1O22qoNOterIHcY8TNuKCygZ7w=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QJpTNdtMs3WzC7kQopb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps014y3WCpT3Q2p4VIo3kKBknczzWkSSt4JR7ezeueJayNS9YDjjAcJHSoRCUbRWo9+TJH4WSz61Zpbd+ciq+AVUINCzX71yx+kLE+4QiapMT3PzTCYUI2CST6t+LnhGWUjOuQ9i4om3AST+cJTcmadAYlSbZ9CMnd/T0xoYsw4CW1nQjE2y7WZ+V+tl2N0HUyEynLkii0+inJJMCWz68lAaM5Qji1QpoXdlbCYasrQZlSxIXjLJ69C+6LuWb6/rDVuijjKcAKncA4eXEED7qAJLWCQwDO8wpujnRfn3flYtJacYuYY/sj5/AFzg5Aq</latexit><latexit sha1_base64="A1O22qoNOterIHcY8TNuKCygZ7w=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QJpTNdtMs3WzC7kQopb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps014y3WCpT3Q2p4VIo3kKBknczzWkSSt4JR7ezeueJayNS9YDjjAcJHSoRCUbRWo9+TJH4WSz61Zpbd+ciq+AVUINCzX71yx+kLE+4QiapMT3PzTCYUI2CST6t+LnhGWUjOuQ9i4om3AST+cJTcmadAYlSbZ9CMnd/T0xoYsw4CW1nQjE2y7WZ+V+tl2N0HUyEynLkii0+inJJMCWz68lAaM5Qji1QpoXdlbCYasrQZlSxIXjLJ69C+6LuWb6/rDVuijjKcAKncA4eXEED7qAJLWCQwDO8wpujnRfn3flYtJacYuYY/sj5/AFzg5Aq</latexit><latexit sha1_base64="A1O22qoNOterIHcY8TNuKCygZ7w=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QJpTNdtMs3WzC7kQopb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps014y3WCpT3Q2p4VIo3kKBknczzWkSSt4JR7ezeueJayNS9YDjjAcJHSoRCUbRWo9+TJH4WSz61Zpbd+ciq+AVUINCzX71yx+kLE+4QiapMT3PzTCYUI2CST6t+LnhGWUjOuQ9i4om3AST+cJTcmadAYlSbZ9CMnd/T0xoYsw4CW1nQjE2y7WZ+V+tl2N0HUyEynLkii0+inJJMCWz68lAaM5Qji1QpoXdlbCYasrQZlSxIXjLJ69C+6LuWb6/rDVuijjKcAKncA4eXEED7qAJLWCQwDO8wpujnRfn3flYtJacYuYY/sj5/AFzg5Aq</latexit>

r̂
<latexit sha1_base64="Sbx4VQM0LSMoD1tBTusFQqe6/6A=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZHFInplSt+1Z+LrEKQQwVy1Xvlr25fszTmCpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HCoacxtm822n5Mw5fTLQxj2FZO7+nshobO0kjlxnTHFkl2sz879aJ8XBdZgJlaTIFVt8NEglQU1mp5O+MJyhnDigzAi3K2EjaihDF1DJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NIDBIzzDK7x52nvx3r2PRWvBy2eO4Y+8zx834o7h</latexit><latexit sha1_base64="Sbx4VQM0LSMoD1tBTusFQqe6/6A=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZHFInplSt+1Z+LrEKQQwVy1Xvlr25fszTmCpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HCoacxtm822n5Mw5fTLQxj2FZO7+nshobO0kjlxnTHFkl2sz879aJ8XBdZgJlaTIFVt8NEglQU1mp5O+MJyhnDigzAi3K2EjaihDF1DJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NIDBIzzDK7x52nvx3r2PRWvBy2eO4Y+8zx834o7h</latexit><latexit sha1_base64="Sbx4VQM0LSMoD1tBTusFQqe6/6A=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZHFInplSt+1Z+LrEKQQwVy1Xvlr25fszTmCpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HCoacxtm822n5Mw5fTLQxj2FZO7+nshobO0kjlxnTHFkl2sz879aJ8XBdZgJlaTIFVt8NEglQU1mp5O+MJyhnDigzAi3K2EjaihDF1DJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NIDBIzzDK7x52nvx3r2PRWvBy2eO4Y+8zx834o7h</latexit><latexit sha1_base64="Sbx4VQM0LSMoD1tBTusFQqe6/6A=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZHFInplSt+1Z+LrEKQQwVy1Xvlr25fszTmCpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HCoacxtm822n5Mw5fTLQxj2FZO7+nshobO0kjlxnTHFkl2sz879aJ8XBdZgJlaTIFVt8NEglQU1mp5O+MJyhnDigzAi3K2EjaihDF1DJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NIDBIzzDK7x52nvx3r2PRWvBy2eO4Y+8zx834o7h</latexit>

�̂
<latexit sha1_base64="mjm6bxX/Md6aNohzSsa/a+dhw9I=">AAAB8nicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY9OKxgq2FJpTNdtIs3WTD7kQooT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53K2vrG5lZ1u7azu7d/UD886hqVaw4drqTSvZAZkCKFDgqU0Ms0sCSU8BiOb2f1xyfQRqj0AScZBAkbpSISnKG1+n7MkPoYA7JBveE23bnoKnglNEip9qD+5Q8VzxNIkUtmTN9zMwwKplFwCdOanxvIGB+zEfQtpiwBExTzlaf0zDpDGiltX4p07v6eKFhizCQJbWfCMDbLtZn5X62fY3QdFCLNcoSULz6KcklR0dn9dCg0cJQTC4xrYXelPGaacbQp1WwI3vLJq9C9aHqW7y8brZsyjio5IafknHjkirTIHWmTDuFEkWfySt4cdF6cd+dj0Vpxyplj8kfO5w8Hh5ET</latexit><latexit sha1_base64="mjm6bxX/Md6aNohzSsa/a+dhw9I=">AAAB8nicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY9OKxgq2FJpTNdtIs3WTD7kQooT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53K2vrG5lZ1u7azu7d/UD886hqVaw4drqTSvZAZkCKFDgqU0Ms0sCSU8BiOb2f1xyfQRqj0AScZBAkbpSISnKG1+n7MkPoYA7JBveE23bnoKnglNEip9qD+5Q8VzxNIkUtmTN9zMwwKplFwCdOanxvIGB+zEfQtpiwBExTzlaf0zDpDGiltX4p07v6eKFhizCQJbWfCMDbLtZn5X62fY3QdFCLNcoSULz6KcklR0dn9dCg0cJQTC4xrYXelPGaacbQp1WwI3vLJq9C9aHqW7y8brZsyjio5IafknHjkirTIHWmTDuFEkWfySt4cdF6cd+dj0Vpxyplj8kfO5w8Hh5ET</latexit><latexit sha1_base64="mjm6bxX/Md6aNohzSsa/a+dhw9I=">AAAB8nicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY9OKxgq2FJpTNdtIs3WTD7kQooT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53K2vrG5lZ1u7azu7d/UD886hqVaw4drqTSvZAZkCKFDgqU0Ms0sCSU8BiOb2f1xyfQRqj0AScZBAkbpSISnKG1+n7MkPoYA7JBveE23bnoKnglNEip9qD+5Q8VzxNIkUtmTN9zMwwKplFwCdOanxvIGB+zEfQtpiwBExTzlaf0zDpDGiltX4p07v6eKFhizCQJbWfCMDbLtZn5X62fY3QdFCLNcoSULz6KcklR0dn9dCg0cJQTC4xrYXelPGaacbQp1WwI3vLJq9C9aHqW7y8brZsyjio5IafknHjkirTIHWmTDuFEkWfySt4cdF6cd+dj0Vpxyplj8kfO5w8Hh5ET</latexit><latexit sha1_base64="mjm6bxX/Md6aNohzSsa/a+dhw9I=">AAAB8nicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY9OKxgq2FJpTNdtIs3WTD7kQooT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53K2vrG5lZ1u7azu7d/UD886hqVaw4drqTSvZAZkCKFDgqU0Ms0sCSU8BiOb2f1xyfQRqj0AScZBAkbpSISnKG1+n7MkPoYA7JBveE23bnoKnglNEip9qD+5Q8VzxNIkUtmTN9zMwwKplFwCdOanxvIGB+zEfQtpiwBExTzlaf0zDpDGiltX4p07v6eKFhizCQJbWfCMDbLtZn5X62fY3QdFCLNcoSULz6KcklR0dn9dCg0cJQTC4xrYXelPGaacbQp1WwI3vLJq9C9aHqW7y8brZsyjio5IafknHjkirTIHWmTDuFEkWfySt4cdF6cd+dj0Vpxyplj8kfO5w8Hh5ET</latexit>

�̂
<latexit sha1_base64="+aLuM7hBjfSpPGsoNqtXi57l3Ts=">AAAB8HicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosunFZwV6kM5RMmumE5jIkZ4RS+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzx5ngFnz/2yutrW9sbpW3Kzu7e/sH1cOjttW5oaxFtdCmGxPLBFesBRwE62aGERkL1olHt7N654kZy7V6gHHGIkmGiiecEnDWY5gSwKFJdb9a8+v+XHgVggJqqFCzX/0KB5rmkimggljbC/wMogkxwKlg00qYW5YROiJD1nOoiGQ2mswXnuIz5wxwoo17CvDc/T0xIdLasYxdpySQ2uXazPyv1sshuY4mXGU5MEUXHyW5wKDx7Ho84IZREGMHhBrudsU0JYZQcBlVXAjB8smr0L6oB47vL2uNmyKOMjpBp+gcBegKNdAdaqIWokiiZ/SK3jzjvXjv3seiteQVM8foj7zPH3+nkDI=</latexit><latexit sha1_base64="+aLuM7hBjfSpPGsoNqtXi57l3Ts=">AAAB8HicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosunFZwV6kM5RMmumE5jIkZ4RS+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzx5ngFnz/2yutrW9sbpW3Kzu7e/sH1cOjttW5oaxFtdCmGxPLBFesBRwE62aGERkL1olHt7N654kZy7V6gHHGIkmGiiecEnDWY5gSwKFJdb9a8+v+XHgVggJqqFCzX/0KB5rmkimggljbC/wMogkxwKlg00qYW5YROiJD1nOoiGQ2mswXnuIz5wxwoo17CvDc/T0xIdLasYxdpySQ2uXazPyv1sshuY4mXGU5MEUXHyW5wKDx7Ho84IZREGMHhBrudsU0JYZQcBlVXAjB8smr0L6oB47vL2uNmyKOMjpBp+gcBegKNdAdaqIWokiiZ/SK3jzjvXjv3seiteQVM8foj7zPH3+nkDI=</latexit><latexit sha1_base64="+aLuM7hBjfSpPGsoNqtXi57l3Ts=">AAAB8HicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosunFZwV6kM5RMmumE5jIkZ4RS+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzx5ngFnz/2yutrW9sbpW3Kzu7e/sH1cOjttW5oaxFtdCmGxPLBFesBRwE62aGERkL1olHt7N654kZy7V6gHHGIkmGiiecEnDWY5gSwKFJdb9a8+v+XHgVggJqqFCzX/0KB5rmkimggljbC/wMogkxwKlg00qYW5YROiJD1nOoiGQ2mswXnuIz5wxwoo17CvDc/T0xIdLasYxdpySQ2uXazPyv1sshuY4mXGU5MEUXHyW5wKDx7Ho84IZREGMHhBrudsU0JYZQcBlVXAjB8smr0L6oB47vL2uNmyKOMjpBp+gcBegKNdAdaqIWokiiZ/SK3jzjvXjv3seiteQVM8foj7zPH3+nkDI=</latexit><latexit sha1_base64="+aLuM7hBjfSpPGsoNqtXi57l3Ts=">AAAB8HicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosunFZwV6kM5RMmumE5jIkZ4RS+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzx5ngFnz/2yutrW9sbpW3Kzu7e/sH1cOjttW5oaxFtdCmGxPLBFesBRwE62aGERkL1olHt7N654kZy7V6gHHGIkmGiiecEnDWY5gSwKFJdb9a8+v+XHgVggJqqFCzX/0KB5rmkimggljbC/wMogkxwKlg00qYW5YROiJD1nOoiGQ2mswXnuIz5wxwoo17CvDc/T0xIdLasYxdpySQ2uXazPyv1sshuY4mXGU5MEUXHyW5wKDx7Ho84IZREGMHhBrudsU0JYZQcBlVXAjB8smr0L6oB47vL2uNmyKOMjpBp+gcBegKNdAdaqIWokiiZ/SK3jzjvXjv3seiteQVM8foj7zPH3+nkDI=</latexit>

Debeŕıa ser posible apreciar que los nuevos vectores r̂, ✓̂ y �̂, son todos mutuamente

ortogonales (lo cual puede ser comprobado directamente a partir de sus definiciones).

Para comprender bien la orientación de esta base, ayudará notar que el vector r̂ es

proporcional a ~r. De hecho:

r̂ =
~r

r
. (1.76)

Es decir, el vector unitario r̂ nos indica la orientación de P con respecto a O. Por

otro lado, �̂ es el mismo vector unitario de la base ciĺındrica. Además, los vectores r̂

y ✓̂ pueden ser expresados en términos de ⇢̂ y k̂, pertenecientes a la base ciĺındrica,

de la siguiente manera:

r̂ ⌘ sin ✓⇢̂+ cos ✓ k̂, (1.77)

✓̂ ⌘ cos ✓⇢̂ � sin ✓ k̂, (1.78)

Esto significa que los vectores r̂ y ✓̂ pertenecen al mismo plano sobre el cual descansan

los vectores ⇢̂ y k̂. Dicho plano es perpendicular a �̂. La siguiente figura muestra

dicho plano, junto con estos vectores:
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�̂
<latexit sha1_base64="A1O22qoNOterIHcY8TNuKCygZ7w=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QJpTNdtMs3WzC7kQopb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps014y3WCpT3Q2p4VIo3kKBknczzWkSSt4JR7ezeueJayNS9YDjjAcJHSoRCUbRWo9+TJH4WSz61Zpbd+ciq+AVUINCzX71yx+kLE+4QiapMT3PzTCYUI2CST6t+LnhGWUjOuQ9i4om3AST+cJTcmadAYlSbZ9CMnd/T0xoYsw4CW1nQjE2y7WZ+V+tl2N0HUyEynLkii0+inJJMCWz68lAaM5Qji1QpoXdlbCYasrQZlSxIXjLJ69C+6LuWb6/rDVuijjKcAKncA4eXEED7qAJLWCQwDO8wpujnRfn3flYtJacYuYY/sj5/AFzg5Aq</latexit><latexit sha1_base64="A1O22qoNOterIHcY8TNuKCygZ7w=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QJpTNdtMs3WzC7kQopb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps014y3WCpT3Q2p4VIo3kKBknczzWkSSt4JR7ezeueJayNS9YDjjAcJHSoRCUbRWo9+TJH4WSz61Zpbd+ciq+AVUINCzX71yx+kLE+4QiapMT3PzTCYUI2CST6t+LnhGWUjOuQ9i4om3AST+cJTcmadAYlSbZ9CMnd/T0xoYsw4CW1nQjE2y7WZ+V+tl2N0HUyEynLkii0+inJJMCWz68lAaM5Qji1QpoXdlbCYasrQZlSxIXjLJ69C+6LuWb6/rDVuijjKcAKncA4eXEED7qAJLWCQwDO8wpujnRfn3flYtJacYuYY/sj5/AFzg5Aq</latexit><latexit sha1_base64="A1O22qoNOterIHcY8TNuKCygZ7w=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QJpTNdtMs3WzC7kQopb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps014y3WCpT3Q2p4VIo3kKBknczzWkSSt4JR7ezeueJayNS9YDjjAcJHSoRCUbRWo9+TJH4WSz61Zpbd+ciq+AVUINCzX71yx+kLE+4QiapMT3PzTCYUI2CST6t+LnhGWUjOuQ9i4om3AST+cJTcmadAYlSbZ9CMnd/T0xoYsw4CW1nQjE2y7WZ+V+tl2N0HUyEynLkii0+inJJMCWz68lAaM5Qji1QpoXdlbCYasrQZlSxIXjLJ69C+6LuWb6/rDVuijjKcAKncA4eXEED7qAJLWCQwDO8wpujnRfn3flYtJacYuYY/sj5/AFzg5Aq</latexit><latexit sha1_base64="A1O22qoNOterIHcY8TNuKCygZ7w=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QJpTNdtMs3WzC7kQopb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps014y3WCpT3Q2p4VIo3kKBknczzWkSSt4JR7ezeueJayNS9YDjjAcJHSoRCUbRWo9+TJH4WSz61Zpbd+ciq+AVUINCzX71yx+kLE+4QiapMT3PzTCYUI2CST6t+LnhGWUjOuQ9i4om3AST+cJTcmadAYlSbZ9CMnd/T0xoYsw4CW1nQjE2y7WZ+V+tl2N0HUyEynLkii0+inJJMCWz68lAaM5Qji1QpoXdlbCYasrQZlSxIXjLJ69C+6LuWb6/rDVuijjKcAKncA4eXEED7qAJLWCQwDO8wpujnRfn3flYtJacYuYY/sj5/AFzg5Aq</latexit>

�̂
<latexit sha1_base64="+aLuM7hBjfSpPGsoNqtXi57l3Ts=">AAAB8HicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosunFZwV6kM5RMmumE5jIkZ4RS+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzx5ngFnz/2yutrW9sbpW3Kzu7e/sH1cOjttW5oaxFtdCmGxPLBFesBRwE62aGERkL1olHt7N654kZy7V6gHHGIkmGiiecEnDWY5gSwKFJdb9a8+v+XHgVggJqqFCzX/0KB5rmkimggljbC/wMogkxwKlg00qYW5YROiJD1nOoiGQ2mswXnuIz5wxwoo17CvDc/T0xIdLasYxdpySQ2uXazPyv1sshuY4mXGU5MEUXHyW5wKDx7Ho84IZREGMHhBrudsU0JYZQcBlVXAjB8smr0L6oB47vL2uNmyKOMjpBp+gcBegKNdAdaqIWokiiZ/SK3jzjvXjv3seiteQVM8foj7zPH3+nkDI=</latexit><latexit sha1_base64="+aLuM7hBjfSpPGsoNqtXi57l3Ts=">AAAB8HicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosunFZwV6kM5RMmumE5jIkZ4RS+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzx5ngFnz/2yutrW9sbpW3Kzu7e/sH1cOjttW5oaxFtdCmGxPLBFesBRwE62aGERkL1olHt7N654kZy7V6gHHGIkmGiiecEnDWY5gSwKFJdb9a8+v+XHgVggJqqFCzX/0KB5rmkimggljbC/wMogkxwKlg00qYW5YROiJD1nOoiGQ2mswXnuIz5wxwoo17CvDc/T0xIdLasYxdpySQ2uXazPyv1sshuY4mXGU5MEUXHyW5wKDx7Ho84IZREGMHhBrudsU0JYZQcBlVXAjB8smr0L6oB47vL2uNmyKOMjpBp+gcBegKNdAdaqIWokiiZ/SK3jzjvXjv3seiteQVM8foj7zPH3+nkDI=</latexit><latexit sha1_base64="+aLuM7hBjfSpPGsoNqtXi57l3Ts=">AAAB8HicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosunFZwV6kM5RMmumE5jIkZ4RS+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzx5ngFnz/2yutrW9sbpW3Kzu7e/sH1cOjttW5oaxFtdCmGxPLBFesBRwE62aGERkL1olHt7N654kZy7V6gHHGIkmGiiecEnDWY5gSwKFJdb9a8+v+XHgVggJqqFCzX/0KB5rmkimggljbC/wMogkxwKlg00qYW5YROiJD1nOoiGQ2mswXnuIz5wxwoo17CvDc/T0xIdLasYxdpySQ2uXazPyv1sshuY4mXGU5MEUXHyW5wKDx7Ho84IZREGMHhBrudsU0JYZQcBlVXAjB8smr0L6oB47vL2uNmyKOMjpBp+gcBegKNdAdaqIWokiiZ/SK3jzjvXjv3seiteQVM8foj7zPH3+nkDI=</latexit><latexit sha1_base64="+aLuM7hBjfSpPGsoNqtXi57l3Ts=">AAAB8HicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosunFZwV6kM5RMmumE5jIkZ4RS+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzx5ngFnz/2yutrW9sbpW3Kzu7e/sH1cOjttW5oaxFtdCmGxPLBFesBRwE62aGERkL1olHt7N654kZy7V6gHHGIkmGiiecEnDWY5gSwKFJdb9a8+v+XHgVggJqqFCzX/0KB5rmkimggljbC/wMogkxwKlg00qYW5YROiJD1nOoiGQ2mswXnuIz5wxwoo17CvDc/T0xIdLasYxdpySQ2uXazPyv1sshuY4mXGU5MEUXHyW5wKDx7Ho84IZREGMHhBrudsU0JYZQcBlVXAjB8smr0L6oB47vL2uNmyKOMjpBp+gcBegKNdAdaqIWokiiZ/SK3jzjvXjv3seiteQVM8foj7zPH3+nkDI=</latexit>

�̂
<latexit sha1_base64="+aLuM7hBjfSpPGsoNqtXi57l3Ts=">AAAB8HicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosunFZwV6kM5RMmumE5jIkZ4RS+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzx5ngFnz/2yutrW9sbpW3Kzu7e/sH1cOjttW5oaxFtdCmGxPLBFesBRwE62aGERkL1olHt7N654kZy7V6gHHGIkmGiiecEnDWY5gSwKFJdb9a8+v+XHgVggJqqFCzX/0KB5rmkimggljbC/wMogkxwKlg00qYW5YROiJD1nOoiGQ2mswXnuIz5wxwoo17CvDc/T0xIdLasYxdpySQ2uXazPyv1sshuY4mXGU5MEUXHyW5wKDx7Ho84IZREGMHhBrudsU0JYZQcBlVXAjB8smr0L6oB47vL2uNmyKOMjpBp+gcBegKNdAdaqIWokiiZ/SK3jzjvXjv3seiteQVM8foj7zPH3+nkDI=</latexit><latexit sha1_base64="+aLuM7hBjfSpPGsoNqtXi57l3Ts=">AAAB8HicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosunFZwV6kM5RMmumE5jIkZ4RS+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzx5ngFnz/2yutrW9sbpW3Kzu7e/sH1cOjttW5oaxFtdCmGxPLBFesBRwE62aGERkL1olHt7N654kZy7V6gHHGIkmGiiecEnDWY5gSwKFJdb9a8+v+XHgVggJqqFCzX/0KB5rmkimggljbC/wMogkxwKlg00qYW5YROiJD1nOoiGQ2mswXnuIz5wxwoo17CvDc/T0xIdLasYxdpySQ2uXazPyv1sshuY4mXGU5MEUXHyW5wKDx7Ho84IZREGMHhBrudsU0JYZQcBlVXAjB8smr0L6oB47vL2uNmyKOMjpBp+gcBegKNdAdaqIWokiiZ/SK3jzjvXjv3seiteQVM8foj7zPH3+nkDI=</latexit><latexit sha1_base64="+aLuM7hBjfSpPGsoNqtXi57l3Ts=">AAAB8HicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosunFZwV6kM5RMmumE5jIkZ4RS+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzx5ngFnz/2yutrW9sbpW3Kzu7e/sH1cOjttW5oaxFtdCmGxPLBFesBRwE62aGERkL1olHt7N654kZy7V6gHHGIkmGiiecEnDWY5gSwKFJdb9a8+v+XHgVggJqqFCzX/0KB5rmkimggljbC/wMogkxwKlg00qYW5YROiJD1nOoiGQ2mswXnuIz5wxwoo17CvDc/T0xIdLasYxdpySQ2uXazPyv1sshuY4mXGU5MEUXHyW5wKDx7Ho84IZREGMHhBrudsU0JYZQcBlVXAjB8smr0L6oB47vL2uNmyKOMjpBp+gcBegKNdAdaqIWokiiZ/SK3jzjvXjv3seiteQVM8foj7zPH3+nkDI=</latexit><latexit sha1_base64="+aLuM7hBjfSpPGsoNqtXi57l3Ts=">AAAB8HicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosunFZwV6kM5RMmumE5jIkZ4RS+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzx5ngFnz/2yutrW9sbpW3Kzu7e/sH1cOjttW5oaxFtdCmGxPLBFesBRwE62aGERkL1olHt7N654kZy7V6gHHGIkmGiiecEnDWY5gSwKFJdb9a8+v+XHgVggJqqFCzX/0KB5rmkimggljbC/wMogkxwKlg00qYW5YROiJD1nOoiGQ2mswXnuIz5wxwoo17CvDc/T0xIdLasYxdpySQ2uXazPyv1sshuY4mXGU5MEUXHyW5wKDx7Ho84IZREGMHhBrudsU0JYZQcBlVXAjB8smr0L6oB47vL2uNmyKOMjpBp+gcBegKNdAdaqIWokiiZ/SK3jzjvXjv3seiteQVM8foj7zPH3+nkDI=</latexit>

O
<latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit><latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit><latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit><latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit>

�
<latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit><latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit><latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit><latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit>

�̂
<latexit sha1_base64="mjm6bxX/Md6aNohzSsa/a+dhw9I=">AAAB8nicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY9OKxgq2FJpTNdtIs3WTD7kQooT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53K2vrG5lZ1u7azu7d/UD886hqVaw4drqTSvZAZkCKFDgqU0Ms0sCSU8BiOb2f1xyfQRqj0AScZBAkbpSISnKG1+n7MkPoYA7JBveE23bnoKnglNEip9qD+5Q8VzxNIkUtmTN9zMwwKplFwCdOanxvIGB+zEfQtpiwBExTzlaf0zDpDGiltX4p07v6eKFhizCQJbWfCMDbLtZn5X62fY3QdFCLNcoSULz6KcklR0dn9dCg0cJQTC4xrYXelPGaacbQp1WwI3vLJq9C9aHqW7y8brZsyjio5IafknHjkirTIHWmTDuFEkWfySt4cdF6cd+dj0Vpxyplj8kfO5w8Hh5ET</latexit><latexit sha1_base64="mjm6bxX/Md6aNohzSsa/a+dhw9I=">AAAB8nicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY9OKxgq2FJpTNdtIs3WTD7kQooT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53K2vrG5lZ1u7azu7d/UD886hqVaw4drqTSvZAZkCKFDgqU0Ms0sCSU8BiOb2f1xyfQRqj0AScZBAkbpSISnKG1+n7MkPoYA7JBveE23bnoKnglNEip9qD+5Q8VzxNIkUtmTN9zMwwKplFwCdOanxvIGB+zEfQtpiwBExTzlaf0zDpDGiltX4p07v6eKFhizCQJbWfCMDbLtZn5X62fY3QdFCLNcoSULz6KcklR0dn9dCg0cJQTC4xrYXelPGaacbQp1WwI3vLJq9C9aHqW7y8brZsyjio5IafknHjkirTIHWmTDuFEkWfySt4cdF6cd+dj0Vpxyplj8kfO5w8Hh5ET</latexit><latexit sha1_base64="mjm6bxX/Md6aNohzSsa/a+dhw9I=">AAAB8nicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY9OKxgq2FJpTNdtIs3WTD7kQooT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53K2vrG5lZ1u7azu7d/UD886hqVaw4drqTSvZAZkCKFDgqU0Ms0sCSU8BiOb2f1xyfQRqj0AScZBAkbpSISnKG1+n7MkPoYA7JBveE23bnoKnglNEip9qD+5Q8VzxNIkUtmTN9zMwwKplFwCdOanxvIGB+zEfQtpiwBExTzlaf0zDpDGiltX4p07v6eKFhizCQJbWfCMDbLtZn5X62fY3QdFCLNcoSULz6KcklR0dn9dCg0cJQTC4xrYXelPGaacbQp1WwI3vLJq9C9aHqW7y8brZsyjio5IafknHjkirTIHWmTDuFEkWfySt4cdF6cd+dj0Vpxyplj8kfO5w8Hh5ET</latexit><latexit sha1_base64="mjm6bxX/Md6aNohzSsa/a+dhw9I=">AAAB8nicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY9OKxgq2FJpTNdtIs3WTD7kQooT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53K2vrG5lZ1u7azu7d/UD886hqVaw4drqTSvZAZkCKFDgqU0Ms0sCSU8BiOb2f1xyfQRqj0AScZBAkbpSISnKG1+n7MkPoYA7JBveE23bnoKnglNEip9qD+5Q8VzxNIkUtmTN9zMwwKplFwCdOanxvIGB+zEfQtpiwBExTzlaf0zDpDGiltX4p07v6eKFhizCQJbWfCMDbLtZn5X62fY3QdFCLNcoSULz6KcklR0dn9dCg0cJQTC4xrYXelPGaacbQp1WwI3vLJq9C9aHqW7y8brZsyjio5IafknHjkirTIHWmTDuFEkWfySt4cdF6cd+dj0Vpxyplj8kfO5w8Hh5ET</latexit>

�
<latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit><latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit><latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit><latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit>

r̂
<latexit sha1_base64="Sbx4VQM0LSMoD1tBTusFQqe6/6A=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZHFInplSt+1Z+LrEKQQwVy1Xvlr25fszTmCpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HCoacxtm822n5Mw5fTLQxj2FZO7+nshobO0kjlxnTHFkl2sz879aJ8XBdZgJlaTIFVt8NEglQU1mp5O+MJyhnDigzAi3K2EjaihDF1DJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NIDBIzzDK7x52nvx3r2PRWvBy2eO4Y+8zx834o7h</latexit><latexit sha1_base64="Sbx4VQM0LSMoD1tBTusFQqe6/6A=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZHFInplSt+1Z+LrEKQQwVy1Xvlr25fszTmCpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HCoacxtm822n5Mw5fTLQxj2FZO7+nshobO0kjlxnTHFkl2sz879aJ8XBdZgJlaTIFVt8NEglQU1mp5O+MJyhnDigzAi3K2EjaihDF1DJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NIDBIzzDK7x52nvx3r2PRWvBy2eO4Y+8zx834o7h</latexit><latexit sha1_base64="Sbx4VQM0LSMoD1tBTusFQqe6/6A=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZHFInplSt+1Z+LrEKQQwVy1Xvlr25fszTmCpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HCoacxtm822n5Mw5fTLQxj2FZO7+nshobO0kjlxnTHFkl2sz879aJ8XBdZgJlaTIFVt8NEglQU1mp5O+MJyhnDigzAi3K2EjaihDF1DJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NIDBIzzDK7x52nvx3r2PRWvBy2eO4Y+8zx834o7h</latexit><latexit sha1_base64="Sbx4VQM0LSMoD1tBTusFQqe6/6A=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZHFInplSt+1Z+LrEKQQwVy1Xvlr25fszTmCpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HCoacxtm822n5Mw5fTLQxj2FZO7+nshobO0kjlxnTHFkl2sz879aJ8XBdZgJlaTIFVt8NEglQU1mp5O+MJyhnDigzAi3K2EjaihDF1DJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NIDBIzzDK7x52nvx3r2PRWvBy2eO4Y+8zx834o7h</latexit>

k̂
<latexit sha1_base64="MJyThnKFklopy6PRXWSIJbn84M0=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02wbm02WZFYopf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVA45THiZ0oEQsGEVnNbtDimTUK1f8qj8XWYUghwrkqvfKX92+ZlnCFTJJre0EforhhBoUTPJpqZtZnlI2ogPecahowm04mW87JWfO6ZNYG/cUkrn7e2JCE2vHSeQ6E4pDu1ybmf/VOhnG1+FEqDRDrtjioziTBDWZnU76wnCGcuyAMiPcroQNqaEMXUAlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/yPn8ALUaO2g==</latexit><latexit sha1_base64="MJyThnKFklopy6PRXWSIJbn84M0=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02wbm02WZFYopf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVA45THiZ0oEQsGEVnNbtDimTUK1f8qj8XWYUghwrkqvfKX92+ZlnCFTJJre0EforhhBoUTPJpqZtZnlI2ogPecahowm04mW87JWfO6ZNYG/cUkrn7e2JCE2vHSeQ6E4pDu1ybmf/VOhnG1+FEqDRDrtjioziTBDWZnU76wnCGcuyAMiPcroQNqaEMXUAlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/yPn8ALUaO2g==</latexit><latexit sha1_base64="MJyThnKFklopy6PRXWSIJbn84M0=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02wbm02WZFYopf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVA45THiZ0oEQsGEVnNbtDimTUK1f8qj8XWYUghwrkqvfKX92+ZlnCFTJJre0EforhhBoUTPJpqZtZnlI2ogPecahowm04mW87JWfO6ZNYG/cUkrn7e2JCE2vHSeQ6E4pDu1ybmf/VOhnG1+FEqDRDrtjioziTBDWZnU76wnCGcuyAMiPcroQNqaEMXUAlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/yPn8ALUaO2g==</latexit><latexit sha1_base64="MJyThnKFklopy6PRXWSIJbn84M0=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02wbm02WZFYopf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVA45THiZ0oEQsGEVnNbtDimTUK1f8qj8XWYUghwrkqvfKX92+ZlnCFTJJre0EforhhBoUTPJpqZtZnlI2ogPecahowm04mW87JWfO6ZNYG/cUkrn7e2JCE2vHSeQ6E4pDu1ybmf/VOhnG1+FEqDRDrtjioziTBDWZnU76wnCGcuyAMiPcroQNqaEMXUAlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/yPn8ALUaO2g==</latexit> r

<latexit sha1_base64="bGRaWgSPycV+qtBF0H0VhMzGH3k=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYalCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/dI4z2</latexit><latexit sha1_base64="bGRaWgSPycV+qtBF0H0VhMzGH3k=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYalCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/dI4z2</latexit><latexit sha1_base64="bGRaWgSPycV+qtBF0H0VhMzGH3k=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYalCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/dI4z2</latexit><latexit sha1_base64="bGRaWgSPycV+qtBF0H0VhMzGH3k=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYalCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/dI4z2</latexit>

r̂
<latexit sha1_base64="Sbx4VQM0LSMoD1tBTusFQqe6/6A=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZHFInplSt+1Z+LrEKQQwVy1Xvlr25fszTmCpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HCoacxtm822n5Mw5fTLQxj2FZO7+nshobO0kjlxnTHFkl2sz879aJ8XBdZgJlaTIFVt8NEglQU1mp5O+MJyhnDigzAi3K2EjaihDF1DJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NIDBIzzDK7x52nvx3r2PRWvBy2eO4Y+8zx834o7h</latexit><latexit sha1_base64="Sbx4VQM0LSMoD1tBTusFQqe6/6A=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZHFInplSt+1Z+LrEKQQwVy1Xvlr25fszTmCpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HCoacxtm822n5Mw5fTLQxj2FZO7+nshobO0kjlxnTHFkl2sz879aJ8XBdZgJlaTIFVt8NEglQU1mp5O+MJyhnDigzAi3K2EjaihDF1DJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NIDBIzzDK7x52nvx3r2PRWvBy2eO4Y+8zx834o7h</latexit><latexit sha1_base64="Sbx4VQM0LSMoD1tBTusFQqe6/6A=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZHFInplSt+1Z+LrEKQQwVy1Xvlr25fszTmCpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HCoacxtm822n5Mw5fTLQxj2FZO7+nshobO0kjlxnTHFkl2sz879aJ8XBdZgJlaTIFVt8NEglQU1mp5O+MJyhnDigzAi3K2EjaihDF1DJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NIDBIzzDK7x52nvx3r2PRWvBy2eO4Y+8zx834o7h</latexit><latexit sha1_base64="Sbx4VQM0LSMoD1tBTusFQqe6/6A=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZHFInplSt+1Z+LrEKQQwVy1Xvlr25fszTmCpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HCoacxtm822n5Mw5fTLQxj2FZO7+nshobO0kjlxnTHFkl2sz879aJ8XBdZgJlaTIFVt8NEglQU1mp5O+MJyhnDigzAi3K2EjaihDF1DJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NIDBIzzDK7x52nvx3r2PRWvBy2eO4Y+8zx834o7h</latexit>

�
<latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit><latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit><latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit><latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit>

�
<latexit sha1_base64="4aE/3WHUUcZjpVcV2STaX0geceE=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJbDJkdmaZ6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bVmeG8SbTUptORC2XQvEmCpS8kxpOk0jydjS+m/ntJ26s0OoRJykPEzpUIhaMopPaPY0i4bZfqfo1fw6ySoKCVKFAo1/56g00yxKukElqbTfwUwxzalAwyaflXmZ5StmYDnnXUUXdkjCfnzsl504ZkFgbVwrJXP09kdPE2kkSuc6E4sguezPxP6+bYXwT5kKlGXLFFoviTBLUZPY7GQjDGcqJI5QZ4W4lbEQNZegSKrsQguWXV0nrshY4/nBVrd8WcZTgFM7gAgK4hjrcQwOawGAMz/AKb17qvXjv3seidc0rZk7gD7zPH4Xtj60=</latexit><latexit sha1_base64="4aE/3WHUUcZjpVcV2STaX0geceE=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJbDJkdmaZ6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bVmeG8SbTUptORC2XQvEmCpS8kxpOk0jydjS+m/ntJ26s0OoRJykPEzpUIhaMopPaPY0i4bZfqfo1fw6ySoKCVKFAo1/56g00yxKukElqbTfwUwxzalAwyaflXmZ5StmYDnnXUUXdkjCfnzsl504ZkFgbVwrJXP09kdPE2kkSuc6E4sguezPxP6+bYXwT5kKlGXLFFoviTBLUZPY7GQjDGcqJI5QZ4W4lbEQNZegSKrsQguWXV0nrshY4/nBVrd8WcZTgFM7gAgK4hjrcQwOawGAMz/AKb17qvXjv3seidc0rZk7gD7zPH4Xtj60=</latexit><latexit sha1_base64="4aE/3WHUUcZjpVcV2STaX0geceE=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJbDJkdmaZ6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bVmeG8SbTUptORC2XQvEmCpS8kxpOk0jydjS+m/ntJ26s0OoRJykPEzpUIhaMopPaPY0i4bZfqfo1fw6ySoKCVKFAo1/56g00yxKukElqbTfwUwxzalAwyaflXmZ5StmYDnnXUUXdkjCfnzsl504ZkFgbVwrJXP09kdPE2kkSuc6E4sguezPxP6+bYXwT5kKlGXLFFoviTBLUZPY7GQjDGcqJI5QZ4W4lbEQNZegSKrsQguWXV0nrshY4/nBVrd8WcZTgFM7gAgK4hjrcQwOawGAMz/AKb17qvXjv3seidc0rZk7gD7zPH4Xtj60=</latexit><latexit sha1_base64="4aE/3WHUUcZjpVcV2STaX0geceE=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJbDJkdmaZ6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bVmeG8SbTUptORC2XQvEmCpS8kxpOk0jydjS+m/ntJ26s0OoRJykPEzpUIhaMopPaPY0i4bZfqfo1fw6ySoKCVKFAo1/56g00yxKukElqbTfwUwxzalAwyaflXmZ5StmYDnnXUUXdkjCfnzsl504ZkFgbVwrJXP09kdPE2kkSuc6E4sguezPxP6+bYXwT5kKlGXLFFoviTBLUZPY7GQjDGcqJI5QZ4W4lbEQNZegSKrsQguWXV0nrshY4/nBVrd8WcZTgFM7gAgK4hjrcQwOawGAMz/AKb17qvXjv3seidc0rZk7gD7zPH4Xtj60=</latexit>

k̂
<latexit sha1_base64="MJyThnKFklopy6PRXWSIJbn84M0=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02wbm02WZFYopf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVA45THiZ0oEQsGEVnNbtDimTUK1f8qj8XWYUghwrkqvfKX92+ZlnCFTJJre0EforhhBoUTPJpqZtZnlI2ogPecahowm04mW87JWfO6ZNYG/cUkrn7e2JCE2vHSeQ6E4pDu1ybmf/VOhnG1+FEqDRDrtjioziTBDWZnU76wnCGcuyAMiPcroQNqaEMXUAlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/yPn8ALUaO2g==</latexit><latexit sha1_base64="MJyThnKFklopy6PRXWSIJbn84M0=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02wbm02WZFYopf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVA45THiZ0oEQsGEVnNbtDimTUK1f8qj8XWYUghwrkqvfKX92+ZlnCFTJJre0EforhhBoUTPJpqZtZnlI2ogPecahowm04mW87JWfO6ZNYG/cUkrn7e2JCE2vHSeQ6E4pDu1ybmf/VOhnG1+FEqDRDrtjioziTBDWZnU76wnCGcuyAMiPcroQNqaEMXUAlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/yPn8ALUaO2g==</latexit><latexit sha1_base64="MJyThnKFklopy6PRXWSIJbn84M0=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02wbm02WZFYopf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVA45THiZ0oEQsGEVnNbtDimTUK1f8qj8XWYUghwrkqvfKX92+ZlnCFTJJre0EforhhBoUTPJpqZtZnlI2ogPecahowm04mW87JWfO6ZNYG/cUkrn7e2JCE2vHSeQ6E4pDu1ybmf/VOhnG1+FEqDRDrtjioziTBDWZnU76wnCGcuyAMiPcroQNqaEMXUAlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/yPn8ALUaO2g==</latexit><latexit sha1_base64="MJyThnKFklopy6PRXWSIJbn84M0=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02wbm02WZFYopf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVA45THiZ0oEQsGEVnNbtDimTUK1f8qj8XWYUghwrkqvfKX92+ZlnCFTJJre0EforhhBoUTPJpqZtZnlI2ogPecahowm04mW87JWfO6ZNYG/cUkrn7e2JCE2vHSeQ6E4pDu1ybmf/VOhnG1+FEqDRDrtjioziTBDWZnU76wnCGcuyAMiPcroQNqaEMXUAlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/yPn8ALUaO2g==</latexit>

P
<latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit>

P �
<latexit sha1_base64="0C2EVdwBQIhpfJ/GKBU8ej38PmY=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF9FQSKeix6MVjFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH80kQT+iQ8lDzqix1kPjvF+uuFV3LrIKXg4VyNXol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz+abTsmZdQYkjJV90pC5+3sio5HWkyiwnRE1I71cm5n/1bqpCa/9jMskNSjZ4qMwFcTEZHY2GXCFzIiJBcoUt7sSNqKKMmPDKdkQvOWTV6F1WfUs39cq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+yPn8AQn6jQU=</latexit><latexit sha1_base64="0C2EVdwBQIhpfJ/GKBU8ej38PmY=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF9FQSKeix6MVjFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH80kQT+iQ8lDzqix1kPjvF+uuFV3LrIKXg4VyNXol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz+abTsmZdQYkjJV90pC5+3sio5HWkyiwnRE1I71cm5n/1bqpCa/9jMskNSjZ4qMwFcTEZHY2GXCFzIiJBcoUt7sSNqKKMmPDKdkQvOWTV6F1WfUs39cq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+yPn8AQn6jQU=</latexit><latexit sha1_base64="0C2EVdwBQIhpfJ/GKBU8ej38PmY=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF9FQSKeix6MVjFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH80kQT+iQ8lDzqix1kPjvF+uuFV3LrIKXg4VyNXol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz+abTsmZdQYkjJV90pC5+3sio5HWkyiwnRE1I71cm5n/1bqpCa/9jMskNSjZ4qMwFcTEZHY2GXCFzIiJBcoUt7sSNqKKMmPDKdkQvOWTV6F1WfUs39cq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+yPn8AQn6jQU=</latexit><latexit sha1_base64="0C2EVdwBQIhpfJ/GKBU8ej38PmY=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF9FQSKeix6MVjFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH80kQT+iQ8lDzqix1kPjvF+uuFV3LrIKXg4VyNXol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz+abTsmZdQYkjJV90pC5+3sio5HWkyiwnRE1I71cm5n/1bqpCa/9jMskNSjZ4qMwFcTEZHY2GXCFzIiJBcoUt7sSNqKKMmPDKdkQvOWTV6F1WfUs39cq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+yPn8AQn6jQU=</latexit>

Al igual que con las coordenadas ciĺındricas, es posible invertir todas estas relaciones.

Por ejemplo, podemos escribir ⇢̂ y k̂ en términos de r̂ y ✓̂:

⇢̂ ⌘ sin ✓ r̂ + cos ✓ ✓̂, (1.79)

k̂ ⌘ cos ✓ r̂ � sin ✓ ✓̂. (1.80)

Igualmente, podemos escribir los vectores ı̂, |̂ y k̂ en términos de r̂, ✓̂ y �̂:

ı̂ = cos� sin ✓ r̂ + cos� cos ✓ ✓̂ � sin� �̂, (1.81)

|̂ = sin� sin ✓ r̂ + sin� cos ✓ ✓̂ + cos� �̂, (1.82)

k̂ = cos ✓ r̂ � sin ✓ ✓̂. (1.83)

1.15 Derivadas de la base esférica

Notemos que los elementos de la base esférica son funciones de los ángulos � y ✓.

Esto quiere decir que ahora estamos lidiando con vectores que son funciones de dos

variables, y por lo tanto podemos derivarlos con respecto a cada variable. Derivando

cada vector con respecto a cada variable (manteniendo constante la variable que no
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está siendo derivada), obtenemos:

@r̂

@�
= sin ✓ �̂, (1.84)

@r̂

@✓
= ✓̂, (1.85)

@✓̂

@�
= cos ✓ �̂, (1.86)

@✓̂

@✓
= �r̂, (1.87)

@�̂

@�
= �⇢̂ = � sin ✓ r̂ � cos ✓ ✓̂, (1.88)

@�̂

@✓
= 0. (1.89)

Las expresiones anteriores son bastante sencillas. Una de ellas, (1.88), ya la conoćıamos

debido a nuestro análisis de la base ciĺındrica. Cada uno de estas derivadas da cuenta

de hacia dónde cambia un vector al hacer crecer (o decrecer) un ángulo dado, tal

como lo vimos en el caso de la base ciĺındrica. La siguiente figura debiera ayudarnos

a visualizar esta afirmación:

�
<latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit><latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit><latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit><latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit>

�̂
<latexit sha1_base64="+r/yHFJ7w4rlv9eT7SpEpKC2iRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZoWTSTBubSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknSgU34LrfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNL9iBgmuGQd4CBYP9WMJJFgvWhyW/i9J6YNV/IBpikLEzKSPOaUgJX8YEwAB48JgfGg3nCb7hx4lXglaaAS7UH9KxgqmiVMAhXEGN9zUwhzooFTwWa1IDMsJXRCRsy3VJKEmTCfR57hM6sMcay0fRLwXP29kZPEmGkS2ckinFn2CvE/z88gvg5zLtMMmKSLj+JMYFC4uB8PuWYUxNQSQjW3WTEdE00o2JZqtgRv+eRV0r1oepbfXzZaN2UdVXSCTtE58tAVaqE71EYdRJFCz+gVvTngvDjvzsditOKUO8foD5zPHwRekRE=</latexit><latexit sha1_base64="+r/yHFJ7w4rlv9eT7SpEpKC2iRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZoWTSTBubSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknSgU34LrfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNL9iBgmuGQd4CBYP9WMJJFgvWhyW/i9J6YNV/IBpikLEzKSPOaUgJX8YEwAB48JgfGg3nCb7hx4lXglaaAS7UH9KxgqmiVMAhXEGN9zUwhzooFTwWa1IDMsJXRCRsy3VJKEmTCfR57hM6sMcay0fRLwXP29kZPEmGkS2ckinFn2CvE/z88gvg5zLtMMmKSLj+JMYFC4uB8PuWYUxNQSQjW3WTEdE00o2JZqtgRv+eRV0r1oepbfXzZaN2UdVXSCTtE58tAVaqE71EYdRJFCz+gVvTngvDjvzsditOKUO8foD5zPHwRekRE=</latexit><latexit sha1_base64="+r/yHFJ7w4rlv9eT7SpEpKC2iRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZoWTSTBubSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknSgU34LrfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNL9iBgmuGQd4CBYP9WMJJFgvWhyW/i9J6YNV/IBpikLEzKSPOaUgJX8YEwAB48JgfGg3nCb7hx4lXglaaAS7UH9KxgqmiVMAhXEGN9zUwhzooFTwWa1IDMsJXRCRsy3VJKEmTCfR57hM6sMcay0fRLwXP29kZPEmGkS2ckinFn2CvE/z88gvg5zLtMMmKSLj+JMYFC4uB8PuWYUxNQSQjW3WTEdE00o2JZqtgRv+eRV0r1oepbfXzZaN2UdVXSCTtE58tAVaqE71EYdRJFCz+gVvTngvDjvzsditOKUO8foD5zPHwRekRE=</latexit><latexit sha1_base64="+r/yHFJ7w4rlv9eT7SpEpKC2iRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZoWTSTBubSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknSgU34LrfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNL9iBgmuGQd4CBYP9WMJJFgvWhyW/i9J6YNV/IBpikLEzKSPOaUgJX8YEwAB48JgfGg3nCb7hx4lXglaaAS7UH9KxgqmiVMAhXEGN9zUwhzooFTwWa1IDMsJXRCRsy3VJKEmTCfR57hM6sMcay0fRLwXP29kZPEmGkS2ckinFn2CvE/z88gvg5zLtMMmKSLj+JMYFC4uB8PuWYUxNQSQjW3WTEdE00o2JZqtgRv+eRV0r1oepbfXzZaN2UdVXSCTtE58tAVaqE71EYdRJFCz+gVvTngvDjvzsditOKUO8foD5zPHwRekRE=</latexit>

k̂
<latexit sha1_base64="MJyThnKFklopy6PRXWSIJbn84M0=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02wbm02WZFYopf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVA45THiZ0oEQsGEVnNbtDimTUK1f8qj8XWYUghwrkqvfKX92+ZlnCFTJJre0EforhhBoUTPJpqZtZnlI2ogPecahowm04mW87JWfO6ZNYG/cUkrn7e2JCE2vHSeQ6E4pDu1ybmf/VOhnG1+FEqDRDrtjioziTBDWZnU76wnCGcuyAMiPcroQNqaEMXUAlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/yPn8ALUaO2g==</latexit><latexit sha1_base64="MJyThnKFklopy6PRXWSIJbn84M0=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02wbm02WZFYopf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVA45THiZ0oEQsGEVnNbtDimTUK1f8qj8XWYUghwrkqvfKX92+ZlnCFTJJre0EforhhBoUTPJpqZtZnlI2ogPecahowm04mW87JWfO6ZNYG/cUkrn7e2JCE2vHSeQ6E4pDu1ybmf/VOhnG1+FEqDRDrtjioziTBDWZnU76wnCGcuyAMiPcroQNqaEMXUAlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/yPn8ALUaO2g==</latexit><latexit sha1_base64="MJyThnKFklopy6PRXWSIJbn84M0=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02wbm02WZFYopf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVA45THiZ0oEQsGEVnNbtDimTUK1f8qj8XWYUghwrkqvfKX92+ZlnCFTJJre0EforhhBoUTPJpqZtZnlI2ogPecahowm04mW87JWfO6ZNYG/cUkrn7e2JCE2vHSeQ6E4pDu1ybmf/VOhnG1+FEqDRDrtjioziTBDWZnU76wnCGcuyAMiPcroQNqaEMXUAlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/yPn8ALUaO2g==</latexit><latexit sha1_base64="MJyThnKFklopy6PRXWSIJbn84M0=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02wbm02WZFYopf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVA45THiZ0oEQsGEVnNbtDimTUK1f8qj8XWYUghwrkqvfKX92+ZlnCFTJJre0EforhhBoUTPJpqZtZnlI2ogPecahowm04mW87JWfO6ZNYG/cUkrn7e2JCE2vHSeQ6E4pDu1ybmf/VOhnG1+FEqDRDrtjioziTBDWZnU76wnCGcuyAMiPcroQNqaEMXUAlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq0FL585hj/yPn8ALUaO2g==</latexit>

ı̂
<latexit sha1_base64="ceHryc8WaJuW2N20lLaA68ZJN+s=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRS3x9TJL6IKY4H9YbbdOcgq8QrSQNKtAf1L3+oWBbzBJmkxvQ9N8UgpxoFk3xW8zPDU8omdMT7liY05ibI55Fn5MwqQxIpbV+CZK7+3shpbMw0Du1kEc4se4X4n9fPMLoOcpGkGfKELT6KMklQkeJ+MhSaM5RTSyjTwmYlbEw1ZWhbqtkSvOWTV0n3oulZfn/ZaN2UdVThBE7hHDy4ghbcQRs6wEDBM7zCm4POi/PufCxGK065cwx/4Hz+AALWkRA=</latexit><latexit sha1_base64="ceHryc8WaJuW2N20lLaA68ZJN+s=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRS3x9TJL6IKY4H9YbbdOcgq8QrSQNKtAf1L3+oWBbzBJmkxvQ9N8UgpxoFk3xW8zPDU8omdMT7liY05ibI55Fn5MwqQxIpbV+CZK7+3shpbMw0Du1kEc4se4X4n9fPMLoOcpGkGfKELT6KMklQkeJ+MhSaM5RTSyjTwmYlbEw1ZWhbqtkSvOWTV0n3oulZfn/ZaN2UdVThBE7hHDy4ghbcQRs6wEDBM7zCm4POi/PufCxGK065cwx/4Hz+AALWkRA=</latexit><latexit sha1_base64="ceHryc8WaJuW2N20lLaA68ZJN+s=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRS3x9TJL6IKY4H9YbbdOcgq8QrSQNKtAf1L3+oWBbzBJmkxvQ9N8UgpxoFk3xW8zPDU8omdMT7liY05ibI55Fn5MwqQxIpbV+CZK7+3shpbMw0Du1kEc4se4X4n9fPMLoOcpGkGfKELT6KMklQkeJ+MhSaM5RTSyjTwmYlbEw1ZWhbqtkSvOWTV0n3oulZfn/ZaN2UdVThBE7hHDy4ghbcQRs6wEDBM7zCm4POi/PufCxGK065cwx/4Hz+AALWkRA=</latexit><latexit sha1_base64="ceHryc8WaJuW2N20lLaA68ZJN+s=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRS3x9TJL6IKY4H9YbbdOcgq8QrSQNKtAf1L3+oWBbzBJmkxvQ9N8UgpxoFk3xW8zPDU8omdMT7liY05ibI55Fn5MwqQxIpbV+CZK7+3shpbMw0Du1kEc4se4X4n9fPMLoOcpGkGfKELT6KMklQkeJ+MhSaM5RTSyjTwmYlbEw1ZWhbqtkSvOWTV0n3oulZfn/ZaN2UdVThBE7hHDy4ghbcQRs6wEDBM7zCm4POi/PufCxGK065cwx/4Hz+AALWkRA=</latexit>

�r
<latexit sha1_base64="cCrgZjPZ7lj6REmMyCm+c2bybUE=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOm1js8mSZAtl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OG0almmGdKaF0K6IGBZdYt9wKbCUaaRwJbEaju1m9OUZtuJKPdpJgGNOB5H3OqHVWozNGRnS3VPYr/lxkFYIcypCr1i19dXqKpTFKywQ1ph34iQ0zqi1nAqfFTmowoWxEB9h2KGmMJszm207JuXN6pK+0e9KSuft7IqOxMZM4cp0xtUOzXJuZ/9Xaqe3fhBmXSWpRssVH/VQQq8jsdNLjGpkVEweUae52JWxINWXWBVR0IQTLJ69C47ISOH64Kldv8zgKcApncAEBXEMV7qEGdWDwBM/wCm+e8l68d+9j0brm5TMn8Efe5w85iI7i</latexit><latexit sha1_base64="cCrgZjPZ7lj6REmMyCm+c2bybUE=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOm1js8mSZAtl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OG0almmGdKaF0K6IGBZdYt9wKbCUaaRwJbEaju1m9OUZtuJKPdpJgGNOB5H3OqHVWozNGRnS3VPYr/lxkFYIcypCr1i19dXqKpTFKywQ1ph34iQ0zqi1nAqfFTmowoWxEB9h2KGmMJszm207JuXN6pK+0e9KSuft7IqOxMZM4cp0xtUOzXJuZ/9Xaqe3fhBmXSWpRssVH/VQQq8jsdNLjGpkVEweUae52JWxINWXWBVR0IQTLJ69C47ISOH64Kldv8zgKcApncAEBXEMV7qEGdWDwBM/wCm+e8l68d+9j0brm5TMn8Efe5w85iI7i</latexit><latexit sha1_base64="cCrgZjPZ7lj6REmMyCm+c2bybUE=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOm1js8mSZAtl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OG0almmGdKaF0K6IGBZdYt9wKbCUaaRwJbEaju1m9OUZtuJKPdpJgGNOB5H3OqHVWozNGRnS3VPYr/lxkFYIcypCr1i19dXqKpTFKywQ1ph34iQ0zqi1nAqfFTmowoWxEB9h2KGmMJszm207JuXN6pK+0e9KSuft7IqOxMZM4cp0xtUOzXJuZ/9Xaqe3fhBmXSWpRssVH/VQQq8jsdNLjGpkVEweUae52JWxINWXWBVR0IQTLJ69C47ISOH64Kldv8zgKcApncAEBXEMV7qEGdWDwBM/wCm+e8l68d+9j0brm5TMn8Efe5w85iI7i</latexit><latexit sha1_base64="cCrgZjPZ7lj6REmMyCm+c2bybUE=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOm1js8mSZAtl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OG0almmGdKaF0K6IGBZdYt9wKbCUaaRwJbEaju1m9OUZtuJKPdpJgGNOB5H3OqHVWozNGRnS3VPYr/lxkFYIcypCr1i19dXqKpTFKywQ1ph34iQ0zqi1nAqfFTmowoWxEB9h2KGmMJszm207JuXN6pK+0e9KSuft7IqOxMZM4cp0xtUOzXJuZ/9Xaqe3fhBmXSWpRssVH/VQQq8jsdNLjGpkVEweUae52JWxINWXWBVR0IQTLJ69C47ISOH64Kldv8zgKcApncAEBXEMV7qEGdWDwBM/wCm+e8l68d+9j0brm5TMn8Efe5w85iI7i</latexit>

�
<latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit><latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit><latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit><latexit sha1_base64="h9d6wjmnVGPhUxkpPKdF7mEh2Nc=">AAAB63icbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBl0Y3LCrYW2qFk0kwnNMkMSUYoQ1/BjQtF3PpC7nwbM+0stPVA4OPce8m9J0wFN9bzvlFlbX1jc6u6XdvZ3ds/qB8edU2Saco6NBGJ7oXEMMEV61huBeulmhEZCvYYTm6L+uMT04Yn6sFOUxZIMlY84pTYwhqkMR/WG17Tmwuvgl9CA0q1h/WvwSihmWTKUkGM6fteaoOcaMupYLPaIDMsJXRCxqzvUBHJTJDPd53hM+eMcJRo95TFc/f3RE6kMVMZuk5JbGyWa4X5X62f2eg6yLlKM8sUXXwUZQLbBBeH4xHXjFoxdUCo5m5XTGOiCbUunpoLwV8+eRW6F03f8f1lo3VTxlGFEziFc/DhClpwB23oAIUYnuEV3pBEL+gdfSxaK6icOYY/Qp8/E4qOPw==</latexit>

O
<latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit><latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit><latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit><latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit>

�̂
<latexit sha1_base64="mjm6bxX/Md6aNohzSsa/a+dhw9I=">AAAB8nicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY9OKxgq2FJpTNdtIs3WTD7kQooT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53K2vrG5lZ1u7azu7d/UD886hqVaw4drqTSvZAZkCKFDgqU0Ms0sCSU8BiOb2f1xyfQRqj0AScZBAkbpSISnKG1+n7MkPoYA7JBveE23bnoKnglNEip9qD+5Q8VzxNIkUtmTN9zMwwKplFwCdOanxvIGB+zEfQtpiwBExTzlaf0zDpDGiltX4p07v6eKFhizCQJbWfCMDbLtZn5X62fY3QdFCLNcoSULz6KcklR0dn9dCg0cJQTC4xrYXelPGaacbQp1WwI3vLJq9C9aHqW7y8brZsyjio5IafknHjkirTIHWmTDuFEkWfySt4cdF6cd+dj0Vpxyplj8kfO5w8Hh5ET</latexit><latexit sha1_base64="mjm6bxX/Md6aNohzSsa/a+dhw9I=">AAAB8nicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY9OKxgq2FJpTNdtIs3WTD7kQooT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53K2vrG5lZ1u7azu7d/UD886hqVaw4drqTSvZAZkCKFDgqU0Ms0sCSU8BiOb2f1xyfQRqj0AScZBAkbpSISnKG1+n7MkPoYA7JBveE23bnoKnglNEip9qD+5Q8VzxNIkUtmTN9zMwwKplFwCdOanxvIGB+zEfQtpiwBExTzlaf0zDpDGiltX4p07v6eKFhizCQJbWfCMDbLtZn5X62fY3QdFCLNcoSULz6KcklR0dn9dCg0cJQTC4xrYXelPGaacbQp1WwI3vLJq9C9aHqW7y8brZsyjio5IafknHjkirTIHWmTDuFEkWfySt4cdF6cd+dj0Vpxyplj8kfO5w8Hh5ET</latexit><latexit sha1_base64="mjm6bxX/Md6aNohzSsa/a+dhw9I=">AAAB8nicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY9OKxgq2FJpTNdtIs3WTD7kQooT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53K2vrG5lZ1u7azu7d/UD886hqVaw4drqTSvZAZkCKFDgqU0Ms0sCSU8BiOb2f1xyfQRqj0AScZBAkbpSISnKG1+n7MkPoYA7JBveE23bnoKnglNEip9qD+5Q8VzxNIkUtmTN9zMwwKplFwCdOanxvIGB+zEfQtpiwBExTzlaf0zDpDGiltX4p07v6eKFhizCQJbWfCMDbLtZn5X62fY3QdFCLNcoSULz6KcklR0dn9dCg0cJQTC4xrYXelPGaacbQp1WwI3vLJq9C9aHqW7y8brZsyjio5IafknHjkirTIHWmTDuFEkWfySt4cdF6cd+dj0Vpxyplj8kfO5w8Hh5ET</latexit><latexit sha1_base64="mjm6bxX/Md6aNohzSsa/a+dhw9I=">AAAB8nicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY9OKxgq2FJpTNdtIs3WTD7kQooT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53K2vrG5lZ1u7azu7d/UD886hqVaw4drqTSvZAZkCKFDgqU0Ms0sCSU8BiOb2f1xyfQRqj0AScZBAkbpSISnKG1+n7MkPoYA7JBveE23bnoKnglNEip9qD+5Q8VzxNIkUtmTN9zMwwKplFwCdOanxvIGB+zEfQtpiwBExTzlaf0zDpDGiltX4p07v6eKFhizCQJbWfCMDbLtZn5X62fY3QdFCLNcoSULz6KcklR0dn9dCg0cJQTC4xrYXelPGaacbQp1WwI3vLJq9C9aHqW7y8brZsyjio5IafknHjkirTIHWmTDuFEkWfySt4cdF6cd+dj0Vpxyplj8kfO5w8Hh5ET</latexit>

r̂
<latexit sha1_base64="Sbx4VQM0LSMoD1tBTusFQqe6/6A=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZHFInplSt+1Z+LrEKQQwVy1Xvlr25fszTmCpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HCoacxtm822n5Mw5fTLQxj2FZO7+nshobO0kjlxnTHFkl2sz879aJ8XBdZgJlaTIFVt8NEglQU1mp5O+MJyhnDigzAi3K2EjaihDF1DJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NIDBIzzDK7x52nvx3r2PRWvBy2eO4Y+8zx834o7h</latexit><latexit sha1_base64="Sbx4VQM0LSMoD1tBTusFQqe6/6A=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZHFInplSt+1Z+LrEKQQwVy1Xvlr25fszTmCpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HCoacxtm822n5Mw5fTLQxj2FZO7+nshobO0kjlxnTHFkl2sz879aJ8XBdZgJlaTIFVt8NEglQU1mp5O+MJyhnDigzAi3K2EjaihDF1DJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NIDBIzzDK7x52nvx3r2PRWvBy2eO4Y+8zx834o7h</latexit><latexit sha1_base64="Sbx4VQM0LSMoD1tBTusFQqe6/6A=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZHFInplSt+1Z+LrEKQQwVy1Xvlr25fszTmCpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HCoacxtm822n5Mw5fTLQxj2FZO7+nshobO0kjlxnTHFkl2sz879aJ8XBdZgJlaTIFVt8NEglQU1mp5O+MJyhnDigzAi3K2EjaihDF1DJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NIDBIzzDK7x52nvx3r2PRWvBy2eO4Y+8zx834o7h</latexit><latexit sha1_base64="Sbx4VQM0LSMoD1tBTusFQqe6/6A=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZHFInplSt+1Z+LrEKQQwVy1Xvlr25fszTmCpmk1nYCP8EwowYFk3xa6qaWJ5SN6ZB3HCoacxtm822n5Mw5fTLQxj2FZO7+nshobO0kjlxnTHFkl2sz879aJ8XBdZgJlaTIFVt8NEglQU1mp5O+MJyhnDigzAi3K2EjaihDF1DJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NIDBIzzDK7x52nvx3r2PRWvBy2eO4Y+8zx834o7h</latexit>

�̂
<latexit sha1_base64="A1O22qoNOterIHcY8TNuKCygZ7w=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QJpTNdtMs3WzC7kQopb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps014y3WCpT3Q2p4VIo3kKBknczzWkSSt4JR7ezeueJayNS9YDjjAcJHSoRCUbRWo9+TJH4WSz61Zpbd+ciq+AVUINCzX71yx+kLE+4QiapMT3PzTCYUI2CST6t+LnhGWUjOuQ9i4om3AST+cJTcmadAYlSbZ9CMnd/T0xoYsw4CW1nQjE2y7WZ+V+tl2N0HUyEynLkii0+inJJMCWz68lAaM5Qji1QpoXdlbCYasrQZlSxIXjLJ69C+6LuWb6/rDVuijjKcAKncA4eXEED7qAJLWCQwDO8wpujnRfn3flYtJacYuYY/sj5/AFzg5Aq</latexit><latexit sha1_base64="A1O22qoNOterIHcY8TNuKCygZ7w=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QJpTNdtMs3WzC7kQopb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps014y3WCpT3Q2p4VIo3kKBknczzWkSSt4JR7ezeueJayNS9YDjjAcJHSoRCUbRWo9+TJH4WSz61Zpbd+ciq+AVUINCzX71yx+kLE+4QiapMT3PzTCYUI2CST6t+LnhGWUjOuQ9i4om3AST+cJTcmadAYlSbZ9CMnd/T0xoYsw4CW1nQjE2y7WZ+V+tl2N0HUyEynLkii0+inJJMCWz68lAaM5Qji1QpoXdlbCYasrQZlSxIXjLJ69C+6LuWb6/rDVuijjKcAKncA4eXEED7qAJLWCQwDO8wpujnRfn3flYtJacYuYY/sj5/AFzg5Aq</latexit><latexit sha1_base64="A1O22qoNOterIHcY8TNuKCygZ7w=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QJpTNdtMs3WzC7kQopb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps014y3WCpT3Q2p4VIo3kKBknczzWkSSt4JR7ezeueJayNS9YDjjAcJHSoRCUbRWo9+TJH4WSz61Zpbd+ciq+AVUINCzX71yx+kLE+4QiapMT3PzTCYUI2CST6t+LnhGWUjOuQ9i4om3AST+cJTcmadAYlSbZ9CMnd/T0xoYsw4CW1nQjE2y7WZ+V+tl2N0HUyEynLkii0+inJJMCWz68lAaM5Qji1QpoXdlbCYasrQZlSxIXjLJ69C+6LuWb6/rDVuijjKcAKncA4eXEED7qAJLWCQwDO8wpujnRfn3flYtJacYuYY/sj5/AFzg5Aq</latexit><latexit sha1_base64="A1O22qoNOterIHcY8TNuKCygZ7w=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgv2QJpTNdtMs3WzC7kQopb/CiwdFvPpzvPlv3LY5aOsLCw/vzLAzb5hJYdB1v53S2vrG5lZ5u7Kzu7d/UD08aps014y3WCpT3Q2p4VIo3kKBknczzWkSSt4JR7ezeueJayNS9YDjjAcJHSoRCUbRWo9+TJH4WSz61Zpbd+ciq+AVUINCzX71yx+kLE+4QiapMT3PzTCYUI2CST6t+LnhGWUjOuQ9i4om3AST+cJTcmadAYlSbZ9CMnd/T0xoYsw4CW1nQjE2y7WZ+V+tl2N0HUyEynLkii0+inJJMCWz68lAaM5Qji1QpoXdlbCYasrQZlSxIXjLJ69C+6LuWb6/rDVuijjKcAKncA4eXEED7qAJLWCQwDO8wpujnRfn3flYtJacYuYY/sj5/AFzg5Aq</latexit>

�̂
<latexit sha1_base64="+aLuM7hBjfSpPGsoNqtXi57l3Ts=">AAAB8HicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosunFZwV6kM5RMmumE5jIkZ4RS+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzx5ngFnz/2yutrW9sbpW3Kzu7e/sH1cOjttW5oaxFtdCmGxPLBFesBRwE62aGERkL1olHt7N654kZy7V6gHHGIkmGiiecEnDWY5gSwKFJdb9a8+v+XHgVggJqqFCzX/0KB5rmkimggljbC/wMogkxwKlg00qYW5YROiJD1nOoiGQ2mswXnuIz5wxwoo17CvDc/T0xIdLasYxdpySQ2uXazPyv1sshuY4mXGU5MEUXHyW5wKDx7Ho84IZREGMHhBrudsU0JYZQcBlVXAjB8smr0L6oB47vL2uNmyKOMjpBp+gcBegKNdAdaqIWokiiZ/SK3jzjvXjv3seiteQVM8foj7zPH3+nkDI=</latexit><latexit sha1_base64="+aLuM7hBjfSpPGsoNqtXi57l3Ts=">AAAB8HicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosunFZwV6kM5RMmumE5jIkZ4RS+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzx5ngFnz/2yutrW9sbpW3Kzu7e/sH1cOjttW5oaxFtdCmGxPLBFesBRwE62aGERkL1olHt7N654kZy7V6gHHGIkmGiiecEnDWY5gSwKFJdb9a8+v+XHgVggJqqFCzX/0KB5rmkimggljbC/wMogkxwKlg00qYW5YROiJD1nOoiGQ2mswXnuIz5wxwoo17CvDc/T0xIdLasYxdpySQ2uXazPyv1sshuY4mXGU5MEUXHyW5wKDx7Ho84IZREGMHhBrudsU0JYZQcBlVXAjB8smr0L6oB47vL2uNmyKOMjpBp+gcBegKNdAdaqIWokiiZ/SK3jzjvXjv3seiteQVM8foj7zPH3+nkDI=</latexit><latexit sha1_base64="+aLuM7hBjfSpPGsoNqtXi57l3Ts=">AAAB8HicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosunFZwV6kM5RMmumE5jIkZ4RS+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzx5ngFnz/2yutrW9sbpW3Kzu7e/sH1cOjttW5oaxFtdCmGxPLBFesBRwE62aGERkL1olHt7N654kZy7V6gHHGIkmGiiecEnDWY5gSwKFJdb9a8+v+XHgVggJqqFCzX/0KB5rmkimggljbC/wMogkxwKlg00qYW5YROiJD1nOoiGQ2mswXnuIz5wxwoo17CvDc/T0xIdLasYxdpySQ2uXazPyv1sshuY4mXGU5MEUXHyW5wKDx7Ho84IZREGMHhBrudsU0JYZQcBlVXAjB8smr0L6oB47vL2uNmyKOMjpBp+gcBegKNdAdaqIWokiiZ/SK3jzjvXjv3seiteQVM8foj7zPH3+nkDI=</latexit><latexit sha1_base64="+aLuM7hBjfSpPGsoNqtXi57l3Ts=">AAAB8HicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLosunFZwV6kM5RMmumE5jIkZ4RS+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzx5ngFnz/2yutrW9sbpW3Kzu7e/sH1cOjttW5oaxFtdCmGxPLBFesBRwE62aGERkL1olHt7N654kZy7V6gHHGIkmGiiecEnDWY5gSwKFJdb9a8+v+XHgVggJqqFCzX/0KB5rmkimggljbC/wMogkxwKlg00qYW5YROiJD1nOoiGQ2mswXnuIz5wxwoo17CvDc/T0xIdLasYxdpySQ2uXazPyv1sshuY4mXGU5MEUXHyW5wKDx7Ho84IZREGMHhBrudsU0JYZQcBlVXAjB8smr0L6oB47vL2uNmyKOMjpBp+gcBegKNdAdaqIWokiiZ/SK3jzjvXjv3seiteQVM8foj7zPH3+nkDI=</latexit>

En la figura anterior, los dos ćırculos nos indican los posibles movimientos al variar

los ángulos ✓ y �. El ćırculo que atraviesa los polos es un ćırculo máximo de radio

r, mientras que el ćırculo paralelo es un ćırculo de radio ⇢ = r sin ✓. Ahora bien, la

ecuación (1.85) nos revela que al crecer el ángulo ✓, el vector unitario r̂ cambia hacia

la dirección ✓̂. Por otro lado, la ecuación (1.87) nos informa que al hacer crecer el

ángulo ✓, el vector ✓̂ cambia hacia la dirección �r̂. Hasta acá, la situación es idéntica
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con respecto a la base ciĺındrica. La diferencia viene dada por las ecuaciones (1.84)

y (1.86) que tienen factores sin ✓ y cos ✓ respectivamente. Para entender la presencia

del factor sin ✓ en (1.84) basta notar que al hacer crecer �, la parte de r̂ que cambia es

aquella que se proyecta sobre el plano x-y, que es sin ✓⇢̂ (y ya sabemos que ⇢̂ cambia

hacia la dirección �̂). Similarmente, la presencia del factor cos ✓ en (1.86) se debe a

que al hacer crecer �, la parte de ✓̂ que cambia es aquella que se proyecta sobre el

plano x-y, que es cos ✓⇢̂ (y ya sabemos que ⇢̂ cambia hacia la dirección �̂).

1.16 Posición y velocidad en coordenadas esféricas

Es directo ver que el vector posición en coordenadas y base esféricas viene dado por

~r = rr̂. (1.90)

A partir de esta expresión podemos calcular la velocidad. Esta debe poder escribirse

de la forma

~v = vrr̂ + v✓✓̂ + v��̂. (1.91)

Para conocer las componentes vr, v✓, y v� basta con derivar (1.90) con respecto al

tiempo. Esto nos da

~v = ṙr̂ + r ˙̂r. (1.92)

Para proceder, debemos conocer ˙̂r, lo que puede ser logrado usando la regla de la

cadena, junto con (1.84) y (1.85):

˙̂r =
@r̂

@�
�̇+

@r̂

@✓
✓̇ (1.93)

= sin ✓ �̇ �̂+ ✓̇ ✓̂. (1.94)

Reemplazando esta expresión en (1.92) obtenemos

~v = ṙr̂ + r sin ✓ �̇ �̂+ r✓̇ ✓̂. (1.95)

A partir de este resultado, vemos que

vr = ṙ, (1.96)

v✓ = r sin ✓ �̇ (1.97)

v� = r✓̇. (1.98)
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1.17 Aceleración en coordenadas esféricas

La aceleración escrita en términos de la base esférica tendrá la forma

~a = arr̂ + a✓✓̂ + a��̂. (1.99)

Para determinar las componentes ar, a✓ y a�, derivemos (1.95) con respecto al tiempo:

~a =
d

dt

⇣
ṙr̂ + r sin ✓ �̇ �̂+ r✓̇ ✓̂

⌘
(1.100)

= r̈r̂ + ṙ ˙̂r + ṙ sin ✓ �̇ �̂+ r cos ✓ ✓̇ �̇ �̂+ r sin ✓ �̈ �̂+ r sin ✓ �̇ ˙̂
�

+ṙ✓̇ ✓̂ + r✓̈ ✓̂ + r✓̇
˙̂
✓ (1.101)

= r̈r̂ + 2ṙ sin ✓ �̇ �̂+ 2ṙ✓̇ ✓̂ + r cos ✓ ✓̇ �̇ �̂+ r sin ✓ �̈ �̂

+r sin ✓ �̇ ˙̂
�+ r✓̈ ✓̂ + r✓̇

˙̂
✓, (1.102)

donde, para pasar de la segunda a la tercera ĺınea, utilizamos (1.94). Para avanzar,

necesitamos ˙̂
� y ˙̂

✓. El primero de estos dos ya lo conocemos debido a nuestro análisis

de las coordenadas ciĺındricas. El resultado obtenido fue ˙̂
� = ��̇⇢̂ que, con la ayuda

de (1.79), puede ser re-escrito en términos de la base esférica como

˙̂
� = ��̇ sin ✓ r̂ � �̇ cos ✓ ✓̂. (1.103)

Por otro lado, podemos calcular ˙̂
✓ usando la regla de la cadena junto con (1.86) y

(1.87):

˙̂
✓ =

@✓̂

@�
�̇+

@✓̂

@✓
✓̇

= cos ✓ �̂ �̇ � r̂ ✓̇ (1.104)

Luego, substituyendo estos resultados de vuelta en (1.102), obtenemos el resultado

final

~a = (r̈ � r✓̇
2
� r sin2

✓ �̇
2)r̂ + (r✓̈ + 2ṙ✓̇ � r sin ✓ cos ✓ �̇2)✓̂

+(2ṙ sin ✓ �̇ + 2r✓̇�̇ cos ✓ + r sin ✓ �̈ )�̂. (1.105)

Esta expresión puede ser levemente simplificada al notar que el último término, pro-

porcional a �̂, puede ser expresado como la derivada temporal de un solo término.

Esto nos lleva a la siguiente expresión final para la aceleración

~a = (r̈ � r✓̇
2
� r sin2

✓ �̇
2)r̂ + (r✓̈ + 2ṙ✓̇ � r sin ✓ cos ✓ �̇2)✓̂

+
1

r sin ✓

d

dt

⇣
r
2 sin2

✓�̇

⌘
�̂. (1.106)
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Luego, las componentes (1.99) de las coordenadas esféricas son

ar = r̈ � r✓̇
2
� r sin2

✓ �̇
2
, (1.107)

a✓ = r✓̈ + 2ṙ✓̇ � r sin ✓ cos ✓ �̇2
, (1.108)

a� =
1

r sin ✓

d

dt

⇣
r
2 sin2

✓�̇

⌘
. (1.109)

Lamentablemente, estas expresiones son complicadas. Sin embargo, veremos que en

aquellas situaciones donde las coordenadas esféricas son útiles, estas componentes

tenderán a simplificarse bastante.
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1.18 Velocidad angular

Consideremos una part́ıcula, con una trayectoria arbitraria, cuya posición en cierto

tiempo t está descrito por ~r(t). Un tiempo posterior t +�t la part́ıcula estará en la

posición ~r(t+�t). En consecuencia, entre t y t+�t la part́ıcula se habrá desplazado

una cantidad �~r = ~r(t+�t) � ~r(t), tal como lo muestra la siguiente figura:

O
<latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit><latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit><latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit><latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit>

�r(t)
<latexit sha1_base64="H5Z8wMD6D/rdWyz3rUtHFHQ26rs=">AAAB8XicbZBNS8NAEIY3ftb6VfXoZbEI9VISEfRY9OKxgv3ANpTNdtIu3WzC7qRQQv+FFw+KePXfePPfuG1z0NYXFh7emWFn3iCRwqDrfjtr6xubW9uFneLu3v7BYenouGniVHNo8FjGuh0wA1IoaKBACe1EA4sCCa1gdDert8agjYjVI04S8CM2UCIUnKG1nrpj4FTTCl70SmW36s5FV8HLoUxy1Xulr24/5mkECrlkxnQ8N0E/YxoFlzAtdlMDCeMjNoCORcUiMH4233hKz63Tp2Gs7VNI5+7viYxFxkyiwHZGDIdmuTYz/6t1Ugxv/EyoJEVQfPFRmEqKMZ2dT/tCA0c5scC4FnZXyodMM442pKINwVs+eRWal1XP8sNVuXabx1Egp+SMVIhHrkmN3JM6aRBOFHkmr+TNMc6L8+58LFrXnHzmhPyR8/kDMlKP7w==</latexit><latexit sha1_base64="H5Z8wMD6D/rdWyz3rUtHFHQ26rs=">AAAB8XicbZBNS8NAEIY3ftb6VfXoZbEI9VISEfRY9OKxgv3ANpTNdtIu3WzC7qRQQv+FFw+KePXfePPfuG1z0NYXFh7emWFn3iCRwqDrfjtr6xubW9uFneLu3v7BYenouGniVHNo8FjGuh0wA1IoaKBACe1EA4sCCa1gdDert8agjYjVI04S8CM2UCIUnKG1nrpj4FTTCl70SmW36s5FV8HLoUxy1Xulr24/5mkECrlkxnQ8N0E/YxoFlzAtdlMDCeMjNoCORcUiMH4233hKz63Tp2Gs7VNI5+7viYxFxkyiwHZGDIdmuTYz/6t1Ugxv/EyoJEVQfPFRmEqKMZ2dT/tCA0c5scC4FnZXyodMM442pKINwVs+eRWal1XP8sNVuXabx1Egp+SMVIhHrkmN3JM6aRBOFHkmr+TNMc6L8+58LFrXnHzmhPyR8/kDMlKP7w==</latexit><latexit sha1_base64="H5Z8wMD6D/rdWyz3rUtHFHQ26rs=">AAAB8XicbZBNS8NAEIY3ftb6VfXoZbEI9VISEfRY9OKxgv3ANpTNdtIu3WzC7qRQQv+FFw+KePXfePPfuG1z0NYXFh7emWFn3iCRwqDrfjtr6xubW9uFneLu3v7BYenouGniVHNo8FjGuh0wA1IoaKBACe1EA4sCCa1gdDert8agjYjVI04S8CM2UCIUnKG1nrpj4FTTCl70SmW36s5FV8HLoUxy1Xulr24/5mkECrlkxnQ8N0E/YxoFlzAtdlMDCeMjNoCORcUiMH4233hKz63Tp2Gs7VNI5+7viYxFxkyiwHZGDIdmuTYz/6t1Ugxv/EyoJEVQfPFRmEqKMZ2dT/tCA0c5scC4FnZXyodMM442pKINwVs+eRWal1XP8sNVuXabx1Egp+SMVIhHrkmN3JM6aRBOFHkmr+TNMc6L8+58LFrXnHzmhPyR8/kDMlKP7w==</latexit><latexit sha1_base64="H5Z8wMD6D/rdWyz3rUtHFHQ26rs=">AAAB8XicbZBNS8NAEIY3ftb6VfXoZbEI9VISEfRY9OKxgv3ANpTNdtIu3WzC7qRQQv+FFw+KePXfePPfuG1z0NYXFh7emWFn3iCRwqDrfjtr6xubW9uFneLu3v7BYenouGniVHNo8FjGuh0wA1IoaKBACe1EA4sCCa1gdDert8agjYjVI04S8CM2UCIUnKG1nrpj4FTTCl70SmW36s5FV8HLoUxy1Xulr24/5mkECrlkxnQ8N0E/YxoFlzAtdlMDCeMjNoCORcUiMH4233hKz63Tp2Gs7VNI5+7viYxFxkyiwHZGDIdmuTYz/6t1Ugxv/EyoJEVQfPFRmEqKMZ2dT/tCA0c5scC4FnZXyodMM442pKINwVs+eRWal1XP8sNVuXabx1Egp+SMVIhHrkmN3JM6aRBOFHkmr+TNMc6L8+58LFrXnHzmhPyR8/kDMlKP7w==</latexit>

�r(t + �t)
<latexit sha1_base64="+Bqu9lW/L0dtXdYnug0BJ9UIkq0=">AAAB/nicbZDLSgNBEEV74ivG16i4ctMYhIgQZkTQZVAXLiOYB2RC6OlUkiY9D7prAmEI+CtuXCji1u9w59/YSWahiRcaDreqqOrrx1JodJxvK7eyura+kd8sbG3v7O7Z+wd1HSWKQ41HMlJNn2mQIoQaCpTQjBWwwJfQ8Ie303pjBEqLKHzEcQztgPVD0ROcobE69pE3Ak4VLSE9p94dSGQUzzp20Sk7M9FlcDMokkzVjv3ldSOeBBAil0zrluvE2E6ZQsElTApeoiFmfMj60DIYsgB0O52dP6GnxunSXqTMC5HO3N8TKQu0Hge+6QwYDvRibWr+V2sl2LtupyKME4SQzxf1EkkxotMsaFco4CjHBhhXwtxK+YApxtEkVjAhuItfXob6Rdk1/HBZrNxkceTJMTkhJeKSK1Ih96RKaoSTlDyTV/JmPVkv1rv1MW/NWdnMIfkj6/MHZ8GT0w==</latexit><latexit sha1_base64="+Bqu9lW/L0dtXdYnug0BJ9UIkq0=">AAAB/nicbZDLSgNBEEV74ivG16i4ctMYhIgQZkTQZVAXLiOYB2RC6OlUkiY9D7prAmEI+CtuXCji1u9w59/YSWahiRcaDreqqOrrx1JodJxvK7eyura+kd8sbG3v7O7Z+wd1HSWKQ41HMlJNn2mQIoQaCpTQjBWwwJfQ8Ie303pjBEqLKHzEcQztgPVD0ROcobE69pE3Ak4VLSE9p94dSGQUzzp20Sk7M9FlcDMokkzVjv3ldSOeBBAil0zrluvE2E6ZQsElTApeoiFmfMj60DIYsgB0O52dP6GnxunSXqTMC5HO3N8TKQu0Hge+6QwYDvRibWr+V2sl2LtupyKME4SQzxf1EkkxotMsaFco4CjHBhhXwtxK+YApxtEkVjAhuItfXob6Rdk1/HBZrNxkceTJMTkhJeKSK1Ih96RKaoSTlDyTV/JmPVkv1rv1MW/NWdnMIfkj6/MHZ8GT0w==</latexit><latexit sha1_base64="+Bqu9lW/L0dtXdYnug0BJ9UIkq0=">AAAB/nicbZDLSgNBEEV74ivG16i4ctMYhIgQZkTQZVAXLiOYB2RC6OlUkiY9D7prAmEI+CtuXCji1u9w59/YSWahiRcaDreqqOrrx1JodJxvK7eyura+kd8sbG3v7O7Z+wd1HSWKQ41HMlJNn2mQIoQaCpTQjBWwwJfQ8Ie303pjBEqLKHzEcQztgPVD0ROcobE69pE3Ak4VLSE9p94dSGQUzzp20Sk7M9FlcDMokkzVjv3ldSOeBBAil0zrluvE2E6ZQsElTApeoiFmfMj60DIYsgB0O52dP6GnxunSXqTMC5HO3N8TKQu0Hge+6QwYDvRibWr+V2sl2LtupyKME4SQzxf1EkkxotMsaFco4CjHBhhXwtxK+YApxtEkVjAhuItfXob6Rdk1/HBZrNxkceTJMTkhJeKSK1Ih96RKaoSTlDyTV/JmPVkv1rv1MW/NWdnMIfkj6/MHZ8GT0w==</latexit><latexit sha1_base64="+Bqu9lW/L0dtXdYnug0BJ9UIkq0=">AAAB/nicbZDLSgNBEEV74ivG16i4ctMYhIgQZkTQZVAXLiOYB2RC6OlUkiY9D7prAmEI+CtuXCji1u9w59/YSWahiRcaDreqqOrrx1JodJxvK7eyura+kd8sbG3v7O7Z+wd1HSWKQ41HMlJNn2mQIoQaCpTQjBWwwJfQ8Ie303pjBEqLKHzEcQztgPVD0ROcobE69pE3Ak4VLSE9p94dSGQUzzp20Sk7M9FlcDMokkzVjv3ldSOeBBAil0zrluvE2E6ZQsElTApeoiFmfMj60DIYsgB0O52dP6GnxunSXqTMC5HO3N8TKQu0Hge+6QwYDvRibWr+V2sl2LtupyKME4SQzxf1EkkxotMsaFco4CjHBhhXwtxK+YApxtEkVjAhuItfXob6Rdk1/HBZrNxkceTJMTkhJeKSK1Ih96RKaoSTlDyTV/JmPVkv1rv1MW/NWdnMIfkj6/MHZ8GT0w==</latexit>

��r(t)
<latexit sha1_base64="PtAy6TZiVplXNcXvGtrS9lgXpJU=">AAAB+nicbZBNTwIxEIa7+IX4tejRSyMxwQvZNSZ6JOrBIybykQAh3TJAQ7e7aWcxBPkpXjxojFd/iTf/jQX2oOCbNHnyzkxm+gaxFAY979vJrK1vbG5lt3M7u3v7B27+sGaiRHOo8khGuhEwA1IoqKJACY1YAwsDCfVgeDOr10egjYjUA45jaIesr0RPcIbW6rj51i1IZLQ1Ak41LeJZxy14JW8uugp+CgWSqtJxv1rdiCchKOSSGdP0vRjbE6ZRcAnTXCsxEDM+ZH1oWlQsBNOezE+f0lPrdGkv0vYppHP398SEhcaMw8B2hgwHZrk2M/+rNRPsXbUnQsUJguKLRb1EUozoLAfaFRo4yrEFxrWwt1I+YJpxtGnlbAj+8pdXoXZe8i3fXxTK12kcWXJMTkiR+OSSlMkdqZAq4eSRPJNX8uY8OS/Ou/OxaM046cwR+SPn8wdvpZLM</latexit><latexit sha1_base64="PtAy6TZiVplXNcXvGtrS9lgXpJU=">AAAB+nicbZBNTwIxEIa7+IX4tejRSyMxwQvZNSZ6JOrBIybykQAh3TJAQ7e7aWcxBPkpXjxojFd/iTf/jQX2oOCbNHnyzkxm+gaxFAY979vJrK1vbG5lt3M7u3v7B27+sGaiRHOo8khGuhEwA1IoqKJACY1YAwsDCfVgeDOr10egjYjUA45jaIesr0RPcIbW6rj51i1IZLQ1Ak41LeJZxy14JW8uugp+CgWSqtJxv1rdiCchKOSSGdP0vRjbE6ZRcAnTXCsxEDM+ZH1oWlQsBNOezE+f0lPrdGkv0vYppHP398SEhcaMw8B2hgwHZrk2M/+rNRPsXbUnQsUJguKLRb1EUozoLAfaFRo4yrEFxrWwt1I+YJpxtGnlbAj+8pdXoXZe8i3fXxTK12kcWXJMTkiR+OSSlMkdqZAq4eSRPJNX8uY8OS/Ou/OxaM046cwR+SPn8wdvpZLM</latexit><latexit sha1_base64="PtAy6TZiVplXNcXvGtrS9lgXpJU=">AAAB+nicbZBNTwIxEIa7+IX4tejRSyMxwQvZNSZ6JOrBIybykQAh3TJAQ7e7aWcxBPkpXjxojFd/iTf/jQX2oOCbNHnyzkxm+gaxFAY979vJrK1vbG5lt3M7u3v7B27+sGaiRHOo8khGuhEwA1IoqKJACY1YAwsDCfVgeDOr10egjYjUA45jaIesr0RPcIbW6rj51i1IZLQ1Ak41LeJZxy14JW8uugp+CgWSqtJxv1rdiCchKOSSGdP0vRjbE6ZRcAnTXCsxEDM+ZH1oWlQsBNOezE+f0lPrdGkv0vYppHP398SEhcaMw8B2hgwHZrk2M/+rNRPsXbUnQsUJguKLRb1EUozoLAfaFRo4yrEFxrWwt1I+YJpxtGnlbAj+8pdXoXZe8i3fXxTK12kcWXJMTkiR+OSSlMkdqZAq4eSRPJNX8uY8OS/Ou/OxaM046cwR+SPn8wdvpZLM</latexit><latexit sha1_base64="PtAy6TZiVplXNcXvGtrS9lgXpJU=">AAAB+nicbZBNTwIxEIa7+IX4tejRSyMxwQvZNSZ6JOrBIybykQAh3TJAQ7e7aWcxBPkpXjxojFd/iTf/jQX2oOCbNHnyzkxm+gaxFAY979vJrK1vbG5lt3M7u3v7B27+sGaiRHOo8khGuhEwA1IoqKJACY1YAwsDCfVgeDOr10egjYjUA45jaIesr0RPcIbW6rj51i1IZLQ1Ak41LeJZxy14JW8uugp+CgWSqtJxv1rdiCchKOSSGdP0vRjbE6ZRcAnTXCsxEDM+ZH1oWlQsBNOezE+f0lPrdGkv0vYppHP398SEhcaMw8B2hgwHZrk2M/+rNRPsXbUnQsUJguKLRb1EUozoLAfaFRo4yrEFxrWwt1I+YJpxtGnlbAj+8pdXoXZe8i3fXxTK12kcWXJMTkiR+OSSlMkdqZAq4eSRPJNX8uY8OS/Ou/OxaM046cwR+SPn8wdvpZLM</latexit>

��
<latexit sha1_base64="liRmnKuJU2lyMM1KXwJLc3TlxR4=">AAAB9HicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY1IPHCvYDmlAm2027dLOJu5NCKf0dXjwo4tUf481/47bNQVtfWHh4Z4aZfcNUCoOu++0U1tY3NreK26Wd3b39g/LhUdMkmWa8wRKZ6HYIhkuheAMFSt5ONYc4lLwVDm9n9daIayMS9YjjlAcx9JWIBAO0VuDfcYlAfZDpALrlilt156Kr4OVQIbnq3fKX30tYFnOFTIIxHc9NMZiARsEkn5b8zPAU2BD6vGNRQcxNMJkfPaVn1unRKNH2KaRz9/fEBGJjxnFoO2PAgVmuzcz/ap0Mo+tgIlSaIVdssSjKJMWEzhKgPaE5Qzm2AEwLeytlA9DA0OZUsiF4y19eheZF1bP8cFmp3eRxFMkJOSXnxCNXpEbuSZ00CCNP5Jm8kjdn5Lw4787HorXg5DPH5I+czx9HE5HE</latexit><latexit sha1_base64="liRmnKuJU2lyMM1KXwJLc3TlxR4=">AAAB9HicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY1IPHCvYDmlAm2027dLOJu5NCKf0dXjwo4tUf481/47bNQVtfWHh4Z4aZfcNUCoOu++0U1tY3NreK26Wd3b39g/LhUdMkmWa8wRKZ6HYIhkuheAMFSt5ONYc4lLwVDm9n9daIayMS9YjjlAcx9JWIBAO0VuDfcYlAfZDpALrlilt156Kr4OVQIbnq3fKX30tYFnOFTIIxHc9NMZiARsEkn5b8zPAU2BD6vGNRQcxNMJkfPaVn1unRKNH2KaRz9/fEBGJjxnFoO2PAgVmuzcz/ap0Mo+tgIlSaIVdssSjKJMWEzhKgPaE5Qzm2AEwLeytlA9DA0OZUsiF4y19eheZF1bP8cFmp3eRxFMkJOSXnxCNXpEbuSZ00CCNP5Jm8kjdn5Lw4787HorXg5DPH5I+czx9HE5HE</latexit><latexit sha1_base64="liRmnKuJU2lyMM1KXwJLc3TlxR4=">AAAB9HicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY1IPHCvYDmlAm2027dLOJu5NCKf0dXjwo4tUf481/47bNQVtfWHh4Z4aZfcNUCoOu++0U1tY3NreK26Wd3b39g/LhUdMkmWa8wRKZ6HYIhkuheAMFSt5ONYc4lLwVDm9n9daIayMS9YjjlAcx9JWIBAO0VuDfcYlAfZDpALrlilt156Kr4OVQIbnq3fKX30tYFnOFTIIxHc9NMZiARsEkn5b8zPAU2BD6vGNRQcxNMJkfPaVn1unRKNH2KaRz9/fEBGJjxnFoO2PAgVmuzcz/ap0Mo+tgIlSaIVdssSjKJMWEzhKgPaE5Qzm2AEwLeytlA9DA0OZUsiF4y19eheZF1bP8cFmp3eRxFMkJOSXnxCNXpEbuSZ00CCNP5Jm8kjdn5Lw4787HorXg5DPH5I+czx9HE5HE</latexit><latexit sha1_base64="liRmnKuJU2lyMM1KXwJLc3TlxR4=">AAAB9HicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY1IPHCvYDmlAm2027dLOJu5NCKf0dXjwo4tUf481/47bNQVtfWHh4Z4aZfcNUCoOu++0U1tY3NreK26Wd3b39g/LhUdMkmWa8wRKZ6HYIhkuheAMFSt5ONYc4lLwVDm9n9daIayMS9YjjlAcx9JWIBAO0VuDfcYlAfZDpALrlilt156Kr4OVQIbnq3fKX30tYFnOFTIIxHc9NMZiARsEkn5b8zPAU2BD6vGNRQcxNMJkfPaVn1unRKNH2KaRz9/fEBGJjxnFoO2PAgVmuzcz/ap0Mo+tgIlSaIVdssSjKJMWEzhKgPaE5Qzm2AEwLeytlA9DA0OZUsiF4y19eheZF1bP8cFmp3eRxFMkJOSXnxCNXpEbuSZ00CCNP5Jm8kjdn5Lw4787HorXg5DPH5I+czx9HE5HE</latexit>

Preguntémonos por el valor del ángulo �↵ barrido entre t y t+�t. Para determinar

�↵ consideremos un vector �~s, perpendicular a ~r(t +�t), que se extiende desde el

punto P hasta el punto P
0 (ubicado sobre ~r(t+�t)), tal como lo muestra la siguiente

figura:

O
<latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit><latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit><latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit><latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit>

�r(t)
<latexit sha1_base64="H5Z8wMD6D/rdWyz3rUtHFHQ26rs=">AAAB8XicbZBNS8NAEIY3ftb6VfXoZbEI9VISEfRY9OKxgv3ANpTNdtIu3WzC7qRQQv+FFw+KePXfePPfuG1z0NYXFh7emWFn3iCRwqDrfjtr6xubW9uFneLu3v7BYenouGniVHNo8FjGuh0wA1IoaKBACe1EA4sCCa1gdDert8agjYjVI04S8CM2UCIUnKG1nrpj4FTTCl70SmW36s5FV8HLoUxy1Xulr24/5mkECrlkxnQ8N0E/YxoFlzAtdlMDCeMjNoCORcUiMH4233hKz63Tp2Gs7VNI5+7viYxFxkyiwHZGDIdmuTYz/6t1Ugxv/EyoJEVQfPFRmEqKMZ2dT/tCA0c5scC4FnZXyodMM442pKINwVs+eRWal1XP8sNVuXabx1Egp+SMVIhHrkmN3JM6aRBOFHkmr+TNMc6L8+58LFrXnHzmhPyR8/kDMlKP7w==</latexit><latexit sha1_base64="H5Z8wMD6D/rdWyz3rUtHFHQ26rs=">AAAB8XicbZBNS8NAEIY3ftb6VfXoZbEI9VISEfRY9OKxgv3ANpTNdtIu3WzC7qRQQv+FFw+KePXfePPfuG1z0NYXFh7emWFn3iCRwqDrfjtr6xubW9uFneLu3v7BYenouGniVHNo8FjGuh0wA1IoaKBACe1EA4sCCa1gdDert8agjYjVI04S8CM2UCIUnKG1nrpj4FTTCl70SmW36s5FV8HLoUxy1Xulr24/5mkECrlkxnQ8N0E/YxoFlzAtdlMDCeMjNoCORcUiMH4233hKz63Tp2Gs7VNI5+7viYxFxkyiwHZGDIdmuTYz/6t1Ugxv/EyoJEVQfPFRmEqKMZ2dT/tCA0c5scC4FnZXyodMM442pKINwVs+eRWal1XP8sNVuXabx1Egp+SMVIhHrkmN3JM6aRBOFHkmr+TNMc6L8+58LFrXnHzmhPyR8/kDMlKP7w==</latexit><latexit sha1_base64="H5Z8wMD6D/rdWyz3rUtHFHQ26rs=">AAAB8XicbZBNS8NAEIY3ftb6VfXoZbEI9VISEfRY9OKxgv3ANpTNdtIu3WzC7qRQQv+FFw+KePXfePPfuG1z0NYXFh7emWFn3iCRwqDrfjtr6xubW9uFneLu3v7BYenouGniVHNo8FjGuh0wA1IoaKBACe1EA4sCCa1gdDert8agjYjVI04S8CM2UCIUnKG1nrpj4FTTCl70SmW36s5FV8HLoUxy1Xulr24/5mkECrlkxnQ8N0E/YxoFlzAtdlMDCeMjNoCORcUiMH4233hKz63Tp2Gs7VNI5+7viYxFxkyiwHZGDIdmuTYz/6t1Ugxv/EyoJEVQfPFRmEqKMZ2dT/tCA0c5scC4FnZXyodMM442pKINwVs+eRWal1XP8sNVuXabx1Egp+SMVIhHrkmN3JM6aRBOFHkmr+TNMc6L8+58LFrXnHzmhPyR8/kDMlKP7w==</latexit><latexit sha1_base64="H5Z8wMD6D/rdWyz3rUtHFHQ26rs=">AAAB8XicbZBNS8NAEIY3ftb6VfXoZbEI9VISEfRY9OKxgv3ANpTNdtIu3WzC7qRQQv+FFw+KePXfePPfuG1z0NYXFh7emWFn3iCRwqDrfjtr6xubW9uFneLu3v7BYenouGniVHNo8FjGuh0wA1IoaKBACe1EA4sCCa1gdDert8agjYjVI04S8CM2UCIUnKG1nrpj4FTTCl70SmW36s5FV8HLoUxy1Xulr24/5mkECrlkxnQ8N0E/YxoFlzAtdlMDCeMjNoCORcUiMH4233hKz63Tp2Gs7VNI5+7viYxFxkyiwHZGDIdmuTYz/6t1Ugxv/EyoJEVQfPFRmEqKMZ2dT/tCA0c5scC4FnZXyodMM442pKINwVs+eRWal1XP8sNVuXabx1Egp+SMVIhHrkmN3JM6aRBOFHkmr+TNMc6L8+58LFrXnHzmhPyR8/kDMlKP7w==</latexit>

�r(t + �t)
<latexit sha1_base64="+Bqu9lW/L0dtXdYnug0BJ9UIkq0=">AAAB/nicbZDLSgNBEEV74ivG16i4ctMYhIgQZkTQZVAXLiOYB2RC6OlUkiY9D7prAmEI+CtuXCji1u9w59/YSWahiRcaDreqqOrrx1JodJxvK7eyura+kd8sbG3v7O7Z+wd1HSWKQ41HMlJNn2mQIoQaCpTQjBWwwJfQ8Ie303pjBEqLKHzEcQztgPVD0ROcobE69pE3Ak4VLSE9p94dSGQUzzp20Sk7M9FlcDMokkzVjv3ldSOeBBAil0zrluvE2E6ZQsElTApeoiFmfMj60DIYsgB0O52dP6GnxunSXqTMC5HO3N8TKQu0Hge+6QwYDvRibWr+V2sl2LtupyKME4SQzxf1EkkxotMsaFco4CjHBhhXwtxK+YApxtEkVjAhuItfXob6Rdk1/HBZrNxkceTJMTkhJeKSK1Ih96RKaoSTlDyTV/JmPVkv1rv1MW/NWdnMIfkj6/MHZ8GT0w==</latexit><latexit sha1_base64="+Bqu9lW/L0dtXdYnug0BJ9UIkq0=">AAAB/nicbZDLSgNBEEV74ivG16i4ctMYhIgQZkTQZVAXLiOYB2RC6OlUkiY9D7prAmEI+CtuXCji1u9w59/YSWahiRcaDreqqOrrx1JodJxvK7eyura+kd8sbG3v7O7Z+wd1HSWKQ41HMlJNn2mQIoQaCpTQjBWwwJfQ8Ie303pjBEqLKHzEcQztgPVD0ROcobE69pE3Ak4VLSE9p94dSGQUzzp20Sk7M9FlcDMokkzVjv3ldSOeBBAil0zrluvE2E6ZQsElTApeoiFmfMj60DIYsgB0O52dP6GnxunSXqTMC5HO3N8TKQu0Hge+6QwYDvRibWr+V2sl2LtupyKME4SQzxf1EkkxotMsaFco4CjHBhhXwtxK+YApxtEkVjAhuItfXob6Rdk1/HBZrNxkceTJMTkhJeKSK1Ih96RKaoSTlDyTV/JmPVkv1rv1MW/NWdnMIfkj6/MHZ8GT0w==</latexit><latexit sha1_base64="+Bqu9lW/L0dtXdYnug0BJ9UIkq0=">AAAB/nicbZDLSgNBEEV74ivG16i4ctMYhIgQZkTQZVAXLiOYB2RC6OlUkiY9D7prAmEI+CtuXCji1u9w59/YSWahiRcaDreqqOrrx1JodJxvK7eyura+kd8sbG3v7O7Z+wd1HSWKQ41HMlJNn2mQIoQaCpTQjBWwwJfQ8Ie303pjBEqLKHzEcQztgPVD0ROcobE69pE3Ak4VLSE9p94dSGQUzzp20Sk7M9FlcDMokkzVjv3ldSOeBBAil0zrluvE2E6ZQsElTApeoiFmfMj60DIYsgB0O52dP6GnxunSXqTMC5HO3N8TKQu0Hge+6QwYDvRibWr+V2sl2LtupyKME4SQzxf1EkkxotMsaFco4CjHBhhXwtxK+YApxtEkVjAhuItfXob6Rdk1/HBZrNxkceTJMTkhJeKSK1Ih96RKaoSTlDyTV/JmPVkv1rv1MW/NWdnMIfkj6/MHZ8GT0w==</latexit><latexit sha1_base64="+Bqu9lW/L0dtXdYnug0BJ9UIkq0=">AAAB/nicbZDLSgNBEEV74ivG16i4ctMYhIgQZkTQZVAXLiOYB2RC6OlUkiY9D7prAmEI+CtuXCji1u9w59/YSWahiRcaDreqqOrrx1JodJxvK7eyura+kd8sbG3v7O7Z+wd1HSWKQ41HMlJNn2mQIoQaCpTQjBWwwJfQ8Ie303pjBEqLKHzEcQztgPVD0ROcobE69pE3Ak4VLSE9p94dSGQUzzp20Sk7M9FlcDMokkzVjv3ldSOeBBAil0zrluvE2E6ZQsElTApeoiFmfMj60DIYsgB0O52dP6GnxunSXqTMC5HO3N8TKQu0Hge+6QwYDvRibWr+V2sl2LtupyKME4SQzxf1EkkxotMsaFco4CjHBhhXwtxK+YApxtEkVjAhuItfXob6Rdk1/HBZrNxkceTJMTkhJeKSK1Ih96RKaoSTlDyTV/JmPVkv1rv1MW/NWdnMIfkj6/MHZ8GT0w==</latexit>

��r(t)
<latexit sha1_base64="PtAy6TZiVplXNcXvGtrS9lgXpJU=">AAAB+nicbZBNTwIxEIa7+IX4tejRSyMxwQvZNSZ6JOrBIybykQAh3TJAQ7e7aWcxBPkpXjxojFd/iTf/jQX2oOCbNHnyzkxm+gaxFAY979vJrK1vbG5lt3M7u3v7B27+sGaiRHOo8khGuhEwA1IoqKJACY1YAwsDCfVgeDOr10egjYjUA45jaIesr0RPcIbW6rj51i1IZLQ1Ak41LeJZxy14JW8uugp+CgWSqtJxv1rdiCchKOSSGdP0vRjbE6ZRcAnTXCsxEDM+ZH1oWlQsBNOezE+f0lPrdGkv0vYppHP398SEhcaMw8B2hgwHZrk2M/+rNRPsXbUnQsUJguKLRb1EUozoLAfaFRo4yrEFxrWwt1I+YJpxtGnlbAj+8pdXoXZe8i3fXxTK12kcWXJMTkiR+OSSlMkdqZAq4eSRPJNX8uY8OS/Ou/OxaM046cwR+SPn8wdvpZLM</latexit><latexit sha1_base64="PtAy6TZiVplXNcXvGtrS9lgXpJU=">AAAB+nicbZBNTwIxEIa7+IX4tejRSyMxwQvZNSZ6JOrBIybykQAh3TJAQ7e7aWcxBPkpXjxojFd/iTf/jQX2oOCbNHnyzkxm+gaxFAY979vJrK1vbG5lt3M7u3v7B27+sGaiRHOo8khGuhEwA1IoqKJACY1YAwsDCfVgeDOr10egjYjUA45jaIesr0RPcIbW6rj51i1IZLQ1Ak41LeJZxy14JW8uugp+CgWSqtJxv1rdiCchKOSSGdP0vRjbE6ZRcAnTXCsxEDM+ZH1oWlQsBNOezE+f0lPrdGkv0vYppHP398SEhcaMw8B2hgwHZrk2M/+rNRPsXbUnQsUJguKLRb1EUozoLAfaFRo4yrEFxrWwt1I+YJpxtGnlbAj+8pdXoXZe8i3fXxTK12kcWXJMTkiR+OSSlMkdqZAq4eSRPJNX8uY8OS/Ou/OxaM046cwR+SPn8wdvpZLM</latexit><latexit sha1_base64="PtAy6TZiVplXNcXvGtrS9lgXpJU=">AAAB+nicbZBNTwIxEIa7+IX4tejRSyMxwQvZNSZ6JOrBIybykQAh3TJAQ7e7aWcxBPkpXjxojFd/iTf/jQX2oOCbNHnyzkxm+gaxFAY979vJrK1vbG5lt3M7u3v7B27+sGaiRHOo8khGuhEwA1IoqKJACY1YAwsDCfVgeDOr10egjYjUA45jaIesr0RPcIbW6rj51i1IZLQ1Ak41LeJZxy14JW8uugp+CgWSqtJxv1rdiCchKOSSGdP0vRjbE6ZRcAnTXCsxEDM+ZH1oWlQsBNOezE+f0lPrdGkv0vYppHP398SEhcaMw8B2hgwHZrk2M/+rNRPsXbUnQsUJguKLRb1EUozoLAfaFRo4yrEFxrWwt1I+YJpxtGnlbAj+8pdXoXZe8i3fXxTK12kcWXJMTkiR+OSSlMkdqZAq4eSRPJNX8uY8OS/Ou/OxaM046cwR+SPn8wdvpZLM</latexit><latexit sha1_base64="PtAy6TZiVplXNcXvGtrS9lgXpJU=">AAAB+nicbZBNTwIxEIa7+IX4tejRSyMxwQvZNSZ6JOrBIybykQAh3TJAQ7e7aWcxBPkpXjxojFd/iTf/jQX2oOCbNHnyzkxm+gaxFAY979vJrK1vbG5lt3M7u3v7B27+sGaiRHOo8khGuhEwA1IoqKJACY1YAwsDCfVgeDOr10egjYjUA45jaIesr0RPcIbW6rj51i1IZLQ1Ak41LeJZxy14JW8uugp+CgWSqtJxv1rdiCchKOSSGdP0vRjbE6ZRcAnTXCsxEDM+ZH1oWlQsBNOezE+f0lPrdGkv0vYppHP398SEhcaMw8B2hgwHZrk2M/+rNRPsXbUnQsUJguKLRb1EUozoLAfaFRo4yrEFxrWwt1I+YJpxtGnlbAj+8pdXoXZe8i3fXxTK12kcWXJMTkiR+OSSlMkdqZAq4eSRPJNX8uY8OS/Ou/OxaM046cwR+SPn8wdvpZLM</latexit>

��s
<latexit sha1_base64="hCNdhmri3tOHTNLfUcJUzJmDPeo=">AAAB9HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY1IPHCvYDmlA220m7dLOJu5tCKf0dXjwo4tUf481/47bNQVtfWHh4Z4aZfcNUcG1c99sprK1vbG4Vt0s7u3v7B+XDo6ZOMsWwwRKRqHZINQousWG4EdhOFdI4FNgKh7ezemuESvNEPppxikFM+5JHnFFjrcC/Q2Eo8UfIiO6WK27VnYusgpdDBXLVu+Uvv5ewLEZpmKBadzw3NcGEKsOZwGnJzzSmlA1pHzsWJY1RB5P50VNyZp0eiRJlnzRk7v6emNBY63Ec2s6YmoFers3M/2qdzETXwYTLNDMo2WJRlAliEjJLgPS4QmbE2AJlittbCRtQRZmxOZVsCN7yl1eheVH1LD9cVmo3eRxFOIFTOAcPrqAG91CHBjB4gmd4hTdn5Lw4787HorXg5DPH8EfO5w/2jZGP</latexit><latexit sha1_base64="hCNdhmri3tOHTNLfUcJUzJmDPeo=">AAAB9HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY1IPHCvYDmlA220m7dLOJu5tCKf0dXjwo4tUf481/47bNQVtfWHh4Z4aZfcNUcG1c99sprK1vbG4Vt0s7u3v7B+XDo6ZOMsWwwRKRqHZINQousWG4EdhOFdI4FNgKh7ezemuESvNEPppxikFM+5JHnFFjrcC/Q2Eo8UfIiO6WK27VnYusgpdDBXLVu+Uvv5ewLEZpmKBadzw3NcGEKsOZwGnJzzSmlA1pHzsWJY1RB5P50VNyZp0eiRJlnzRk7v6emNBY63Ec2s6YmoFers3M/2qdzETXwYTLNDMo2WJRlAliEjJLgPS4QmbE2AJlittbCRtQRZmxOZVsCN7yl1eheVH1LD9cVmo3eRxFOIFTOAcPrqAG91CHBjB4gmd4hTdn5Lw4787HorXg5DPH8EfO5w/2jZGP</latexit><latexit sha1_base64="hCNdhmri3tOHTNLfUcJUzJmDPeo=">AAAB9HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY1IPHCvYDmlA220m7dLOJu5tCKf0dXjwo4tUf481/47bNQVtfWHh4Z4aZfcNUcG1c99sprK1vbG4Vt0s7u3v7B+XDo6ZOMsWwwRKRqHZINQousWG4EdhOFdI4FNgKh7ezemuESvNEPppxikFM+5JHnFFjrcC/Q2Eo8UfIiO6WK27VnYusgpdDBXLVu+Uvv5ewLEZpmKBadzw3NcGEKsOZwGnJzzSmlA1pHzsWJY1RB5P50VNyZp0eiRJlnzRk7v6emNBY63Ec2s6YmoFers3M/2qdzETXwYTLNDMo2WJRlAliEjJLgPS4QmbE2AJlittbCRtQRZmxOZVsCN7yl1eheVH1LD9cVmo3eRxFOIFTOAcPrqAG91CHBjB4gmd4hTdn5Lw4787HorXg5DPH8EfO5w/2jZGP</latexit><latexit sha1_base64="hCNdhmri3tOHTNLfUcJUzJmDPeo=">AAAB9HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY1IPHCvYDmlA220m7dLOJu5tCKf0dXjwo4tUf481/47bNQVtfWHh4Z4aZfcNUcG1c99sprK1vbG4Vt0s7u3v7B+XDo6ZOMsWwwRKRqHZINQousWG4EdhOFdI4FNgKh7ezemuESvNEPppxikFM+5JHnFFjrcC/Q2Eo8UfIiO6WK27VnYusgpdDBXLVu+Uvv5ewLEZpmKBadzw3NcGEKsOZwGnJzzSmlA1pHzsWJY1RB5P50VNyZp0eiRJlnzRk7v6emNBY63Ec2s6YmoFers3M/2qdzETXwYTLNDMo2WJRlAliEjJLgPS4QmbE2AJlittbCRtQRZmxOZVsCN7yl1eheVH1LD9cVmo3eRxFOIFTOAcPrqAG91CHBjB4gmd4hTdn5Lw4787HorXg5DPH8EfO5w/2jZGP</latexit>

��
<latexit sha1_base64="liRmnKuJU2lyMM1KXwJLc3TlxR4=">AAAB9HicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY1IPHCvYDmlAm2027dLOJu5NCKf0dXjwo4tUf481/47bNQVtfWHh4Z4aZfcNUCoOu++0U1tY3NreK26Wd3b39g/LhUdMkmWa8wRKZ6HYIhkuheAMFSt5ONYc4lLwVDm9n9daIayMS9YjjlAcx9JWIBAO0VuDfcYlAfZDpALrlilt156Kr4OVQIbnq3fKX30tYFnOFTIIxHc9NMZiARsEkn5b8zPAU2BD6vGNRQcxNMJkfPaVn1unRKNH2KaRz9/fEBGJjxnFoO2PAgVmuzcz/ap0Mo+tgIlSaIVdssSjKJMWEzhKgPaE5Qzm2AEwLeytlA9DA0OZUsiF4y19eheZF1bP8cFmp3eRxFMkJOSXnxCNXpEbuSZ00CCNP5Jm8kjdn5Lw4787HorXg5DPH5I+czx9HE5HE</latexit><latexit sha1_base64="liRmnKuJU2lyMM1KXwJLc3TlxR4=">AAAB9HicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY1IPHCvYDmlAm2027dLOJu5NCKf0dXjwo4tUf481/47bNQVtfWHh4Z4aZfcNUCoOu++0U1tY3NreK26Wd3b39g/LhUdMkmWa8wRKZ6HYIhkuheAMFSt5ONYc4lLwVDm9n9daIayMS9YjjlAcx9JWIBAO0VuDfcYlAfZDpALrlilt156Kr4OVQIbnq3fKX30tYFnOFTIIxHc9NMZiARsEkn5b8zPAU2BD6vGNRQcxNMJkfPaVn1unRKNH2KaRz9/fEBGJjxnFoO2PAgVmuzcz/ap0Mo+tgIlSaIVdssSjKJMWEzhKgPaE5Qzm2AEwLeytlA9DA0OZUsiF4y19eheZF1bP8cFmp3eRxFMkJOSXnxCNXpEbuSZ00CCNP5Jm8kjdn5Lw4787HorXg5DPH5I+czx9HE5HE</latexit><latexit sha1_base64="liRmnKuJU2lyMM1KXwJLc3TlxR4=">AAAB9HicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY1IPHCvYDmlAm2027dLOJu5NCKf0dXjwo4tUf481/47bNQVtfWHh4Z4aZfcNUCoOu++0U1tY3NreK26Wd3b39g/LhUdMkmWa8wRKZ6HYIhkuheAMFSt5ONYc4lLwVDm9n9daIayMS9YjjlAcx9JWIBAO0VuDfcYlAfZDpALrlilt156Kr4OVQIbnq3fKX30tYFnOFTIIxHc9NMZiARsEkn5b8zPAU2BD6vGNRQcxNMJkfPaVn1unRKNH2KaRz9/fEBGJjxnFoO2PAgVmuzcz/ap0Mo+tgIlSaIVdssSjKJMWEzhKgPaE5Qzm2AEwLeytlA9DA0OZUsiF4y19eheZF1bP8cFmp3eRxFMkJOSXnxCNXpEbuSZ00CCNP5Jm8kjdn5Lw4787HorXg5DPH5I+czx9HE5HE</latexit><latexit sha1_base64="liRmnKuJU2lyMM1KXwJLc3TlxR4=">AAAB9HicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY1IPHCvYDmlAm2027dLOJu5NCKf0dXjwo4tUf481/47bNQVtfWHh4Z4aZfcNUCoOu++0U1tY3NreK26Wd3b39g/LhUdMkmWa8wRKZ6HYIhkuheAMFSt5ONYc4lLwVDm9n9daIayMS9YjjlAcx9JWIBAO0VuDfcYlAfZDpALrlilt156Kr4OVQIbnq3fKX30tYFnOFTIIxHc9NMZiARsEkn5b8zPAU2BD6vGNRQcxNMJkfPaVn1unRKNH2KaRz9/fEBGJjxnFoO2PAgVmuzcz/ap0Mo+tgIlSaIVdssSjKJMWEzhKgPaE5Qzm2AEwLeytlA9DA0OZUsiF4y19eheZF1bP8cFmp3eRxFMkJOSXnxCNXpEbuSZ00CCNP5Jm8kjdn5Lw4787HorXg5DPH5I+czx9HE5HE</latexit>

P
<latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit>

P �
<latexit sha1_base64="0C2EVdwBQIhpfJ/GKBU8ej38PmY=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF9FQSKeix6MVjFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH80kQT+iQ8lDzqix1kPjvF+uuFV3LrIKXg4VyNXol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz+abTsmZdQYkjJV90pC5+3sio5HWkyiwnRE1I71cm5n/1bqpCa/9jMskNSjZ4qMwFcTEZHY2GXCFzIiJBcoUt7sSNqKKMmPDKdkQvOWTV6F1WfUs39cq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+yPn8AQn6jQU=</latexit><latexit sha1_base64="0C2EVdwBQIhpfJ/GKBU8ej38PmY=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF9FQSKeix6MVjFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH80kQT+iQ8lDzqix1kPjvF+uuFV3LrIKXg4VyNXol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz+abTsmZdQYkjJV90pC5+3sio5HWkyiwnRE1I71cm5n/1bqpCa/9jMskNSjZ4qMwFcTEZHY2GXCFzIiJBcoUt7sSNqKKMmPDKdkQvOWTV6F1WfUs39cq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+yPn8AQn6jQU=</latexit><latexit sha1_base64="0C2EVdwBQIhpfJ/GKBU8ej38PmY=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF9FQSKeix6MVjFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH80kQT+iQ8lDzqix1kPjvF+uuFV3LrIKXg4VyNXol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz+abTsmZdQYkjJV90pC5+3sio5HWkyiwnRE1I71cm5n/1bqpCa/9jMskNSjZ4qMwFcTEZHY2GXCFzIiJBcoUt7sSNqKKMmPDKdkQvOWTV6F1WfUs39cq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+yPn8AQn6jQU=</latexit><latexit sha1_base64="0C2EVdwBQIhpfJ/GKBU8ej38PmY=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF9FQSKeix6MVjFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH80kQT+iQ8lDzqix1kPjvF+uuFV3LrIKXg4VyNXol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz+abTsmZdQYkjJV90pC5+3sio5HWkyiwnRE1I71cm5n/1bqpCa/9jMskNSjZ4qMwFcTEZHY2GXCFzIiJBcoUt7sSNqKKMmPDKdkQvOWTV6F1WfUs39cq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+yPn8AQn6jQU=</latexit>

�
<latexit sha1_base64="g+IRNevPc1g3Nk0ZK/Q3r3J8OUI=">AAAB7HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosevFYwdRCG8pmO2mXbjZhdyKU0t/gxYMiXv1B3vw3btsctPWFhYd3ZtiZN8qkMOR5305pbX1jc6u8XdnZ3ds/qB4etUyaa44BT2Wq2xEzKIXCgARJbGcaWRJJfIxGt7P64xNqI1L1QOMMw4QNlIgFZ2StoBshsV615tW9udxV8AuoQaFmr/rV7ac8T1ARl8yYju9lFE6YJsElTivd3GDG+IgNsGNRsQRNOJkvO3XPrNN341Tbp8idu78nJiwxZpxEtjNhNDTLtZn5X62TU3wdToTKckLFFx/FuXQpdWeXu32hkZMcW2BcC7ury4dMM042n4oNwV8+eRVaF3Xf8v1lrXFTxFGGEziFc/DhChpwB00IgIOAZ3iFN0c5L86787FoLTnFzDH8kfP5A8PYjqQ=</latexit><latexit sha1_base64="g+IRNevPc1g3Nk0ZK/Q3r3J8OUI=">AAAB7HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosevFYwdRCG8pmO2mXbjZhdyKU0t/gxYMiXv1B3vw3btsctPWFhYd3ZtiZN8qkMOR5305pbX1jc6u8XdnZ3ds/qB4etUyaa44BT2Wq2xEzKIXCgARJbGcaWRJJfIxGt7P64xNqI1L1QOMMw4QNlIgFZ2StoBshsV615tW9udxV8AuoQaFmr/rV7ac8T1ARl8yYju9lFE6YJsElTivd3GDG+IgNsGNRsQRNOJkvO3XPrNN341Tbp8idu78nJiwxZpxEtjNhNDTLtZn5X62TU3wdToTKckLFFx/FuXQpdWeXu32hkZMcW2BcC7ury4dMM042n4oNwV8+eRVaF3Xf8v1lrXFTxFGGEziFc/DhChpwB00IgIOAZ3iFN0c5L86787FoLTnFzDH8kfP5A8PYjqQ=</latexit><latexit sha1_base64="g+IRNevPc1g3Nk0ZK/Q3r3J8OUI=">AAAB7HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosevFYwdRCG8pmO2mXbjZhdyKU0t/gxYMiXv1B3vw3btsctPWFhYd3ZtiZN8qkMOR5305pbX1jc6u8XdnZ3ds/qB4etUyaa44BT2Wq2xEzKIXCgARJbGcaWRJJfIxGt7P64xNqI1L1QOMMw4QNlIgFZ2StoBshsV615tW9udxV8AuoQaFmr/rV7ac8T1ARl8yYju9lFE6YJsElTivd3GDG+IgNsGNRsQRNOJkvO3XPrNN341Tbp8idu78nJiwxZpxEtjNhNDTLtZn5X62TU3wdToTKckLFFx/FuXQpdWeXu32hkZMcW2BcC7ury4dMM042n4oNwV8+eRVaF3Xf8v1lrXFTxFGGEziFc/DhChpwB00IgIOAZ3iFN0c5L86787FoLTnFzDH8kfP5A8PYjqQ=</latexit><latexit sha1_base64="g+IRNevPc1g3Nk0ZK/Q3r3J8OUI=">AAAB7HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosevFYwdRCG8pmO2mXbjZhdyKU0t/gxYMiXv1B3vw3btsctPWFhYd3ZtiZN8qkMOR5305pbX1jc6u8XdnZ3ds/qB4etUyaa44BT2Wq2xEzKIXCgARJbGcaWRJJfIxGt7P64xNqI1L1QOMMw4QNlIgFZ2StoBshsV615tW9udxV8AuoQaFmr/rV7ac8T1ARl8yYju9lFE6YJsElTivd3GDG+IgNsGNRsQRNOJkvO3XPrNN341Tbp8idu78nJiwxZpxEtjNhNDTLtZn5X62TU3wdToTKckLFFx/FuXQpdWeXu32hkZMcW2BcC7ury4dMM042n4oNwV8+eRVaF3Xf8v1lrXFTxFGGEziFc/DhChpwB00IgIOAZ3iFN0c5L86787FoLTnFzDH8kfP5A8PYjqQ=</latexit>

La figura también muestra la definición del ángulo �, que es el ángulo entre el vector

�~r(t) una recta paralela al vector ~r(t +�t) (en otras palabras, � es el ángulo entre
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�~r(t) y ~r(t+�t)). Para continuar, notemos que que �↵ viene dado por

�↵ = arcsin
||�~s||

||~r(t)||
(1.110)

Por otro lado, ||�~s|| puede ser escrito en términos de ||�~r|| y � de la siguiente manera

||�~s|| = ||�~r|| sin �. (1.111)

Pero, dado que � es el ángulo entre�~r(t) y ~r(t+�t), podemos utilizar las propiedades

del producto cruz, para escribir sin � como:

sin � =
||~r(t+�t) ⇥ �~r(t)||

||~r(t+�t) || · ||�~r(t)||
(1.112)

Juntando todo lo anterior, obtenemos

�↵ = arcsin


||~r(t+�t) ⇥ �~r(t)||

||~r(t)|| · ||~r(t+�t) ||

�
. (1.113)

Ahora, consideremos qué pasa si �t es muy pequeño. En primer lugar, notemos que

si �t es muy pequeño, podemos expandir ~r(t+�t) en una serie de Taylor:

~r(t+�t) = ~r(t) +
d~r

dt
(t)�t+

1

2

d
2
~r

dt2
(t)�t

2 + · · · , (1.114)

donde los puntos ” · · · ” denotan términos de orden superior con respecto a �t. Los

coeficientes de la serie de Taylor son ni más ni menos que la posición ~r, la velocidad

~v y la aceleración ~a, evaluados en tiempo t. Luego, podemos escribir la expansión de

forma más elegante de la forma

~r(t+�t) = ~r(t) + ~v(t)�t+
1

2
~a(t)�t

2 + · · · . (1.115)

Una consecuencia directa de esta relación, es que �~r(t) = ~r(t + �t) � ~r(t) vendrá

dado por:

�~r(t) = ~v(t)�t+
1

2
~a(t)�t

2 + · · · . (1.116)

Estas relaciones nos permitirán calcular �↵ con la ayuda de (1.113). Procedamos.

En primer lugar, el producto cruz en la expresión (1.113) tendrá la forma

~r(t+�t) ⇥ �~r(t) = ~r(t) ⇥ ~v(t)�t+ O(�t
2), (1.117)
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donde O(�t
2) representa términos proporcionales a�t

2 o de orden superior. Recorde-

mos que �t es muy pequeño y, en consecuencia, los términos proporcionales a �t
2 (o

de orden superior) serán necesariamente aún más pequeños, por lo que no nos interesa

seguirles la pista. De forma similar, el módulo de (1.117) adquirirá la forma

||~r(t+�t) ⇥ �~r(t)|| = ||~r(t) ⇥ ~v(t)||�t+ O(�t
2), (1.118)

Donde nuevamente O(�t
2) representa términos proporcionales a �t

2 o de orden su-

perior. Cuidado, la cantidad O(�t
2) que aparece en (1.118) no coincide con O(�t

2)

de la ecuación (1.117). Veamos ahora el denominador ||~r(t + �t) || presente en la

expresión (1.113). Con la ayuda de (1.115), podemos escribir:

1

||~r(t+�t) ||
=

1

||~r(t) + O(�t) ||
(1.119)

=
1

||~r(t) || + O(�t)
(1.120)

=
1

||~r(t) ||
+ O(�t). (1.121)

En cada paso de la expresión anterior O(�t) hace referencia a un término proporcional

a �t o de orden superior (por supuesto, en cada paso O(�t) consiste en una expresión

distinta). Ahora, juntando los resultados anteriores, es posible constatar que

||~r(t+�t) ⇥ �~r(t)||

||~r(t)|| · ||~r(t+�t) ||
=

|| ~r(t) ⇥ ~v(t)||�t+ O(�t
2)

||~r(t)||

✓
1

||~r(t) ||
+ O(�t)

◆
(1.122)

=
||~r(t) ⇥ ~v(t)||

||~r(t)||2
�t+ O(�t

2) (1.123)

En consecuencia, el ángulo �↵ viene dado por

�↵ = arcsin


||~r(t) ⇥ ~v(t)||

||~r(t)||2
�t+ O(�t

2)

�
(1.124)

=
||~r(t) ⇥ ~v(t)||

||~r(t)||2
�t+ O(�t

2), (1.125)

donde hemos expandido la función arcsin en serie de Taylor, quedándonos solo con el

término de menor orden en �t. La ecuación (1.125) constituye el resultado deseado.

Nos muestra el valor de�↵ cuando el lapso de tiempo�t es muy pequeño. La utilidad

de este resultado es que nos permite conocer la rapidez angular de la part́ıcula P , con
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respecto al origen O, en el instante t. La rapidez angular puede ser definida como el

ángulo barrido por ~r por unidad de tiempo. Esto es:

!O ⌘ lim
�t!0

�↵

�t
=

||~r(t) ⇥ ~v(t)||

||~r(t)||2
. (1.126)

La etiqueta O enfatiza el hecho de que la rapidez angular es con respecto al origen O.

Para terminar esta discusión, hagamos algo aun mejor. Definiremos un vector veloci-

dad angular ~! a partir de la definición anterior simplemente eliminando el śımbolo

|| · ||. Es decir:

~!O ⌘
~r(t) ⇥ ~v(t)

||~r(t)||2
. (1.127)

Este es el principal resultad de esta sección. Notemos que, por definición, la velocidad

angular es ~!O perpendicular a los vectores ~r(t) y ~v(t), con su orientación determinada

por la regla de la mano derecha.

1.19 Un ejemplo con velocidad angular

La velocidad angular es un vector, por lo tanto está caracterizado por su magnitud

! = ||~!||, y dirección !̂ = ~!/!. Para comprender el significado de ambas cantidades,

comencemos analizando una situación simple: Una part́ıcula en movimiento circular

uniforme (de rapidez constante ⌫) en torno a una circunferencia de radio R con origen

O
0:

O
<latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit><latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit><latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit><latexit sha1_base64="qCF+JkzX7i9eJO2blINcDgKyyyU=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF29WsLXYhvKy3bRLN5uwuxFK6L/w4kERr/4bb/4bN20O2jqwMMy8x86bIBFcG9f9dkorq2vrG+XNytb2zu5edf+greNUUdaisYhVJ0DNBJesZbgRrJMohlEg2EMwvs79hyemNI/lvZkkzI9wKHnIKRorPfYiNCOKgtz2qzW37s5AlolXkBoUaParX71BTNOISUMFat313MT4GSrDqWDTSi/VLEE6xiHrWioxYtrPZomn5MQqAxLGyj5pyEz9vZFhpPUkCuxknlAvern4n9dNTXjpZ1wmqWGSzj8KU0FMTPLzyYArRo2YWIJUcZuV0BEqpMaWVLEleIsnL5P2Wd2z/O681rgq6ijDERzDKXhwAQ24gSa0gIKEZ3iFN0c7L8678zEfLTnFziH8gfP5AxTWkIM=</latexit>

O
�

<latexit sha1_base64="9QRWQoev1dnWnGpo3XpKqDUXMLQ=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyip5KIoMeiF29WsLaQhrLZbtqlm2zYfRFK6c/w4kERr/4ab/4bN20O2jqwMMy8x86bMJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waFSmGW8xJZXuhNRwKRLeQoGSd1LNaRxK3g5HN7nffuLaCJU84DjlQUwHiYgEo2glvxtTHDIqyd1pr1pz6+4MZJl4BalBgWav+tXtK5bFPEEmqTG+56YYTKhGwSSfVrqZ4SllIzrgvqUJjbkJJrPIU3JilT6JlLYvQTJTf29MaGzMOA7tZB7RLHq5+J/nZxhdBRORpBnyhM0/ijJJUJH8ftIXmjOUY0so08JmJWxINWVoW6rYErzFk5fJ43nds/z+ota4LuoowxEcwxl4cAkNuIUmtICBgmd4hTcHnRfn3fmYj5acYucQ/sD5/AF4jZC0</latexit><latexit sha1_base64="9QRWQoev1dnWnGpo3XpKqDUXMLQ=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyip5KIoMeiF29WsLaQhrLZbtqlm2zYfRFK6c/w4kERr/4ab/4bN20O2jqwMMy8x86bMJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waFSmGW8xJZXuhNRwKRLeQoGSd1LNaRxK3g5HN7nffuLaCJU84DjlQUwHiYgEo2glvxtTHDIqyd1pr1pz6+4MZJl4BalBgWav+tXtK5bFPEEmqTG+56YYTKhGwSSfVrqZ4SllIzrgvqUJjbkJJrPIU3JilT6JlLYvQTJTf29MaGzMOA7tZB7RLHq5+J/nZxhdBRORpBnyhM0/ijJJUJH8ftIXmjOUY0so08JmJWxINWVoW6rYErzFk5fJ43nds/z+ota4LuoowxEcwxl4cAkNuIUmtICBgmd4hTcHnRfn3fmYj5acYucQ/sD5/AF4jZC0</latexit><latexit sha1_base64="9QRWQoev1dnWnGpo3XpKqDUXMLQ=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyip5KIoMeiF29WsLaQhrLZbtqlm2zYfRFK6c/w4kERr/4ab/4bN20O2jqwMMy8x86bMJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waFSmGW8xJZXuhNRwKRLeQoGSd1LNaRxK3g5HN7nffuLaCJU84DjlQUwHiYgEo2glvxtTHDIqyd1pr1pz6+4MZJl4BalBgWav+tXtK5bFPEEmqTG+56YYTKhGwSSfVrqZ4SllIzrgvqUJjbkJJrPIU3JilT6JlLYvQTJTf29MaGzMOA7tZB7RLHq5+J/nZxhdBRORpBnyhM0/ijJJUJH8ftIXmjOUY0so08JmJWxINWVoW6rYErzFk5fJ43nds/z+ota4LuoowxEcwxl4cAkNuIUmtICBgmd4hTcHnRfn3fmYj5acYucQ/sD5/AF4jZC0</latexit><latexit sha1_base64="9QRWQoev1dnWnGpo3XpKqDUXMLQ=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyip5KIoMeiF29WsLaQhrLZbtqlm2zYfRFK6c/w4kERr/4ab/4bN20O2jqwMMy8x86bMJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waFSmGW8xJZXuhNRwKRLeQoGSd1LNaRxK3g5HN7nffuLaCJU84DjlQUwHiYgEo2glvxtTHDIqyd1pr1pz6+4MZJl4BalBgWav+tXtK5bFPEEmqTG+56YYTKhGwSSfVrqZ4SllIzrgvqUJjbkJJrPIU3JilT6JlLYvQTJTf29MaGzMOA7tZB7RLHq5+J/nZxhdBRORpBnyhM0/ijJJUJH8ftIXmjOUY0so08JmJWxINWVoW6rYErzFk5fJ43nds/z+ota4LuoowxEcwxl4cAkNuIUmtICBgmd4hTcHnRfn3fmYj5acYucQ/sD5/AF4jZC0</latexit>

�̂
<latexit sha1_base64="+r/yHFJ7w4rlv9eT7SpEpKC2iRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZoWTSTBubSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknSgU34LrfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNL9iBgmuGQd4CBYP9WMJJFgvWhyW/i9J6YNV/IBpikLEzKSPOaUgJX8YEwAB48JgfGg3nCb7hx4lXglaaAS7UH9KxgqmiVMAhXEGN9zUwhzooFTwWa1IDMsJXRCRsy3VJKEmTCfR57hM6sMcay0fRLwXP29kZPEmGkS2ckinFn2CvE/z88gvg5zLtMMmKSLj+JMYFC4uB8PuWYUxNQSQjW3WTEdE00o2JZqtgRv+eRV0r1oepbfXzZaN2UdVXSCTtE58tAVaqE71EYdRJFCz+gVvTngvDjvzsditOKUO8foD5zPHwRekRE=</latexit><latexit sha1_base64="+r/yHFJ7w4rlv9eT7SpEpKC2iRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZoWTSTBubSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknSgU34LrfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNL9iBgmuGQd4CBYP9WMJJFgvWhyW/i9J6YNV/IBpikLEzKSPOaUgJX8YEwAB48JgfGg3nCb7hx4lXglaaAS7UH9KxgqmiVMAhXEGN9zUwhzooFTwWa1IDMsJXRCRsy3VJKEmTCfR57hM6sMcay0fRLwXP29kZPEmGkS2ckinFn2CvE/z88gvg5zLtMMmKSLj+JMYFC4uB8PuWYUxNQSQjW3WTEdE00o2JZqtgRv+eRV0r1oepbfXzZaN2UdVXSCTtE58tAVaqE71EYdRJFCz+gVvTngvDjvzsditOKUO8foD5zPHwRekRE=</latexit><latexit sha1_base64="+r/yHFJ7w4rlv9eT7SpEpKC2iRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZoWTSTBubSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknSgU34LrfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNL9iBgmuGQd4CBYP9WMJJFgvWhyW/i9J6YNV/IBpikLEzKSPOaUgJX8YEwAB48JgfGg3nCb7hx4lXglaaAS7UH9KxgqmiVMAhXEGN9zUwhzooFTwWa1IDMsJXRCRsy3VJKEmTCfR57hM6sMcay0fRLwXP29kZPEmGkS2ckinFn2CvE/z88gvg5zLtMMmKSLj+JMYFC4uB8PuWYUxNQSQjW3WTEdE00o2JZqtgRv+eRV0r1oepbfXzZaN2UdVXSCTtE58tAVaqE71EYdRJFCz+gVvTngvDjvzsditOKUO8foD5zPHwRekRE=</latexit><latexit sha1_base64="+r/yHFJ7w4rlv9eT7SpEpKC2iRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4CZoWTSTBubSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknSgU34LrfTmVtfWNzq7pd29nd2z+oHx51jco0ZR2qhNL9iBgmuGQd4CBYP9WMJJFgvWhyW/i9J6YNV/IBpikLEzKSPOaUgJX8YEwAB48JgfGg3nCb7hx4lXglaaAS7UH9KxgqmiVMAhXEGN9zUwhzooFTwWa1IDMsJXRCRsy3VJKEmTCfR57hM6sMcay0fRLwXP29kZPEmGkS2ckinFn2CvE/z88gvg5zLtMMmKSLj+JMYFC4uB8PuWYUxNQSQjW3WTEdE00o2JZqtgRv+eRV0r1oepbfXzZaN2UdVXSCTtE58tAVaqE71EYdRJFCz+gVvTngvDjvzsditOKUO8foD5zPHwRekRE=</latexit>

ı̂
<latexit sha1_base64="ceHryc8WaJuW2N20lLaA68ZJN+s=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRS3x9TJL6IKY4H9YbbdOcgq8QrSQNKtAf1L3+oWBbzBJmkxvQ9N8UgpxoFk3xW8zPDU8omdMT7liY05ibI55Fn5MwqQxIpbV+CZK7+3shpbMw0Du1kEc4se4X4n9fPMLoOcpGkGfKELT6KMklQkeJ+MhSaM5RTSyjTwmYlbEw1ZWhbqtkSvOWTV0n3oulZfn/ZaN2UdVThBE7hHDy4ghbcQRs6wEDBM7zCm4POi/PufCxGK065cwx/4Hz+AALWkRA=</latexit><latexit sha1_base64="ceHryc8WaJuW2N20lLaA68ZJN+s=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRS3x9TJL6IKY4H9YbbdOcgq8QrSQNKtAf1L3+oWBbzBJmkxvQ9N8UgpxoFk3xW8zPDU8omdMT7liY05ibI55Fn5MwqQxIpbV+CZK7+3shpbMw0Du1kEc4se4X4n9fPMLoOcpGkGfKELT6KMklQkeJ+MhSaM5RTSyjTwmYlbEw1ZWhbqtkSvOWTV0n3oulZfn/ZaN2UdVThBE7hHDy4ghbcQRs6wEDBM7zCm4POi/PufCxGK065cwx/4Hz+AALWkRA=</latexit><latexit sha1_base64="ceHryc8WaJuW2N20lLaA68ZJN+s=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRS3x9TJL6IKY4H9YbbdOcgq8QrSQNKtAf1L3+oWBbzBJmkxvQ9N8UgpxoFk3xW8zPDU8omdMT7liY05ibI55Fn5MwqQxIpbV+CZK7+3shpbMw0Du1kEc4se4X4n9fPMLoOcpGkGfKELT6KMklQkeJ+MhSaM5RTSyjTwmYlbEw1ZWhbqtkSvOWTV0n3oulZfn/ZaN2UdVThBE7hHDy4ghbcQRs6wEDBM7zCm4POi/PufCxGK065cwx/4Hz+AALWkRA=</latexit><latexit sha1_base64="ceHryc8WaJuW2N20lLaA68ZJN+s=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51jco04x2mpNK9kBouRcI7KFDyXqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRS3x9TJL6IKY4H9YbbdOcgq8QrSQNKtAf1L3+oWBbzBJmkxvQ9N8UgpxoFk3xW8zPDU8omdMT7liY05ibI55Fn5MwqQxIpbV+CZK7+3shpbMw0Du1kEc4se4X4n9fPMLoOcpGkGfKELT6KMklQkeJ+MhSaM5RTSyjTwmYlbEw1ZWhbqtkSvOWTV0n3oulZfn/ZaN2UdVThBE7hHDy4ghbcQRs6wEDBM7zCm4POi/PufCxGK065cwx/4Hz+AALWkRA=</latexit>

�
<latexit sha1_base64="TACG1zS6qAIYIX9He7mzPUqFbsY=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CEcjOdtkMnkzgzKZTQ73DjQhG3fow7/8ZJm4W2Hhg4nHMv98wJE8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dJwqypo0FrHqhKiZ4JI1DTeCdRLFMAoFa4fju9xvT5jSPJaPZpqwIMKh5ANO0Vgp8CM0I4qC+MmI9ypVt+bOQVaJV5AqFGj0Kl9+P6ZpxKShArXuem5iggyV4VSwWdlPNUuQjnHIupZKjJgOsnnoGTm3Sp8MYmWfNGSu/t7IMNJ6GoV2Mg+pl71c/M/rpmZwE2RcJqlhki4ODVJBTEzyBkifK0aNmFqCVHGbldARKqTG9lS2JXjLX14lrcuaZ/nDVbV+W9RRglM4gwvw4BrqcA8NaAKFJ3iGV3hzJs6L8+58LEbXnGLnBP7A+fwBinKR7w==</latexit><latexit sha1_base64="TACG1zS6qAIYIX9He7mzPUqFbsY=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CEcjOdtkMnkzgzKZTQ73DjQhG3fow7/8ZJm4W2Hhg4nHMv98wJE8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dJwqypo0FrHqhKiZ4JI1DTeCdRLFMAoFa4fju9xvT5jSPJaPZpqwIMKh5ANO0Vgp8CM0I4qC+MmI9ypVt+bOQVaJV5AqFGj0Kl9+P6ZpxKShArXuem5iggyV4VSwWdlPNUuQjnHIupZKjJgOsnnoGTm3Sp8MYmWfNGSu/t7IMNJ6GoV2Mg+pl71c/M/rpmZwE2RcJqlhki4ODVJBTEzyBkifK0aNmFqCVHGbldARKqTG9lS2JXjLX14lrcuaZ/nDVbV+W9RRglM4gwvw4BrqcA8NaAKFJ3iGV3hzJs6L8+58LEbXnGLnBP7A+fwBinKR7w==</latexit><latexit sha1_base64="TACG1zS6qAIYIX9He7mzPUqFbsY=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CEcjOdtkMnkzgzKZTQ73DjQhG3fow7/8ZJm4W2Hhg4nHMv98wJE8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dJwqypo0FrHqhKiZ4JI1DTeCdRLFMAoFa4fju9xvT5jSPJaPZpqwIMKh5ANO0Vgp8CM0I4qC+MmI9ypVt+bOQVaJV5AqFGj0Kl9+P6ZpxKShArXuem5iggyV4VSwWdlPNUuQjnHIupZKjJgOsnnoGTm3Sp8MYmWfNGSu/t7IMNJ6GoV2Mg+pl71c/M/rpmZwE2RcJqlhki4ODVJBTEzyBkifK0aNmFqCVHGbldARKqTG9lS2JXjLX14lrcuaZ/nDVbV+W9RRglM4gwvw4BrqcA8NaAKFJ3iGV3hzJs6L8+58LEbXnGLnBP7A+fwBinKR7w==</latexit><latexit sha1_base64="TACG1zS6qAIYIX9He7mzPUqFbsY=">AAAB9HicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CEcjOdtkMnkzgzKZTQ73DjQhG3fow7/8ZJm4W2Hhg4nHMv98wJE8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dJwqypo0FrHqhKiZ4JI1DTeCdRLFMAoFa4fju9xvT5jSPJaPZpqwIMKh5ANO0Vgp8CM0I4qC+MmI9ypVt+bOQVaJV5AqFGj0Kl9+P6ZpxKShArXuem5iggyV4VSwWdlPNUuQjnHIupZKjJgOsnnoGTm3Sp8MYmWfNGSu/t7IMNJ6GoV2Mg+pl71c/M/rpmZwE2RcJqlhki4ODVJBTEzyBkifK0aNmFqCVHGbldARKqTG9lS2JXjLX14lrcuaZ/nDVbV+W9RRglM4gwvw4BrqcA8NaAKFJ3iGV3hzJs6L8+58LEbXnGLnBP7A+fwBinKR7w==</latexit>

��
<latexit sha1_base64="PkLFN/L9DXyuDD0BaPgauVxLzXA=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvoqsyIoMuiG5cV7AM6Y8mkmTY0kwlJRilD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JMTSs60cd1vp7Syura+Ud6sbG3v7O5V9w/aOkkVoS2S8ER1Q6wpZ4K2DDOcdqWiOA457YTjm9zvPFKlWSLuzUTSIMZDwSJGsLHSgx9jMyKYI1+O2Gm/WnPr7gxomXgFqUGBZr/65Q8SksZUGMKx1j3PlSbIsDKMcDqt+KmmEpMxHtKepQLHVAfZLPUUnVhlgKJE2ScMmqm/NzIcaz2JQzuZp9SLXi7+5/VSE10FGRMyNVSQ+aEo5cgkKK8ADZiixPCJJZgoZrMiMsIKE2OLqtgSvMUvL5P2ed2z/O6i1rgu6ijDERzDGXhwCQ24hSa0gICCZ3iFN+fJeXHenY/5aMkpdg7hD5zPH+99kiA=</latexit><latexit sha1_base64="PkLFN/L9DXyuDD0BaPgauVxLzXA=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvoqsyIoMuiG5cV7AM6Y8mkmTY0kwlJRilD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JMTSs60cd1vp7Syura+Ud6sbG3v7O5V9w/aOkkVoS2S8ER1Q6wpZ4K2DDOcdqWiOA457YTjm9zvPFKlWSLuzUTSIMZDwSJGsLHSgx9jMyKYI1+O2Gm/WnPr7gxomXgFqUGBZr/65Q8SksZUGMKx1j3PlSbIsDKMcDqt+KmmEpMxHtKepQLHVAfZLPUUnVhlgKJE2ScMmqm/NzIcaz2JQzuZp9SLXi7+5/VSE10FGRMyNVSQ+aEo5cgkKK8ADZiixPCJJZgoZrMiMsIKE2OLqtgSvMUvL5P2ed2z/O6i1rgu6ijDERzDGXhwCQ24hSa0gICCZ3iFN+fJeXHenY/5aMkpdg7hD5zPH+99kiA=</latexit><latexit sha1_base64="PkLFN/L9DXyuDD0BaPgauVxLzXA=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvoqsyIoMuiG5cV7AM6Y8mkmTY0kwlJRilD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JMTSs60cd1vp7Syura+Ud6sbG3v7O5V9w/aOkkVoS2S8ER1Q6wpZ4K2DDOcdqWiOA457YTjm9zvPFKlWSLuzUTSIMZDwSJGsLHSgx9jMyKYI1+O2Gm/WnPr7gxomXgFqUGBZr/65Q8SksZUGMKx1j3PlSbIsDKMcDqt+KmmEpMxHtKepQLHVAfZLPUUnVhlgKJE2ScMmqm/NzIcaz2JQzuZp9SLXi7+5/VSE10FGRMyNVSQ+aEo5cgkKK8ADZiixPCJJZgoZrMiMsIKE2OLqtgSvMUvL5P2ed2z/O6i1rgu6ijDERzDGXhwCQ24hSa0gICCZ3iFN+fJeXHenY/5aMkpdg7hD5zPH+99kiA=</latexit><latexit sha1_base64="PkLFN/L9DXyuDD0BaPgauVxLzXA=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvoqsyIoMuiG5cV7AM6Y8mkmTY0kwlJRilD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JMTSs60cd1vp7Syura+Ud6sbG3v7O5V9w/aOkkVoS2S8ER1Q6wpZ4K2DDOcdqWiOA457YTjm9zvPFKlWSLuzUTSIMZDwSJGsLHSgx9jMyKYI1+O2Gm/WnPr7gxomXgFqUGBZr/65Q8SksZUGMKx1j3PlSbIsDKMcDqt+KmmEpMxHtKepQLHVAfZLPUUnVhlgKJE2ScMmqm/NzIcaz2JQzuZp9SLXi7+5/VSE10FGRMyNVSQ+aEo5cgkKK8ADZiixPCJJZgoZrMiMsIKE2OLqtgSvMUvL5P2ed2z/O6i1rgu6ijDERzDGXhwCQ24hSa0gICCZ3iFN+fJeXHenY/5aMkpdg7hD5zPH+99kiA=</latexit>

�r �
<latexit sha1_base64="J93W4HnmsHyj12tB/DiPYX7MZaU=">AAAB8HicbZBNS8NAEIYnftb6VfXoZbGIHqQkIuix6MVjBfshTSib7aRdupuE3U2hlP4KLx4U8erP8ea/cdvmoK0vLDy8M8POvGEquDau++2srK6tb2wWtorbO7t7+6WDw4ZOMsWwzhKRqFZINQoeY91wI7CVKqQyFNgMB3fTenOISvMkfjSjFANJezGPOKPGWk/+EBlR/sVZp1R2K+5MZBm8HMqQq9YpffndhGUSY8ME1brtuakJxlQZzgROin6mMaVsQHvYthhTiToYzxaekFPrdEmUKPtiQ2bu74kxlVqPZGg7JTV9vVibmv/V2pmJboIxj9PMYMzmH0WZICYh0+tJlytkRowsUKa43ZWwPlWUGZtR0YbgLZ68DI3Limf54apcvc3jKMAxnMA5eHANVbiHGtSBgYRneIU3RzkvzrvzMW9dcfKZI/gj5/MHuQuPrw==</latexit><latexit sha1_base64="J93W4HnmsHyj12tB/DiPYX7MZaU=">AAAB8HicbZBNS8NAEIYnftb6VfXoZbGIHqQkIuix6MVjBfshTSib7aRdupuE3U2hlP4KLx4U8erP8ea/cdvmoK0vLDy8M8POvGEquDau++2srK6tb2wWtorbO7t7+6WDw4ZOMsWwzhKRqFZINQoeY91wI7CVKqQyFNgMB3fTenOISvMkfjSjFANJezGPOKPGWk/+EBlR/sVZp1R2K+5MZBm8HMqQq9YpffndhGUSY8ME1brtuakJxlQZzgROin6mMaVsQHvYthhTiToYzxaekFPrdEmUKPtiQ2bu74kxlVqPZGg7JTV9vVibmv/V2pmJboIxj9PMYMzmH0WZICYh0+tJlytkRowsUKa43ZWwPlWUGZtR0YbgLZ68DI3Limf54apcvc3jKMAxnMA5eHANVbiHGtSBgYRneIU3RzkvzrvzMW9dcfKZI/gj5/MHuQuPrw==</latexit><latexit sha1_base64="J93W4HnmsHyj12tB/DiPYX7MZaU=">AAAB8HicbZBNS8NAEIYnftb6VfXoZbGIHqQkIuix6MVjBfshTSib7aRdupuE3U2hlP4KLx4U8erP8ea/cdvmoK0vLDy8M8POvGEquDau++2srK6tb2wWtorbO7t7+6WDw4ZOMsWwzhKRqFZINQoeY91wI7CVKqQyFNgMB3fTenOISvMkfjSjFANJezGPOKPGWk/+EBlR/sVZp1R2K+5MZBm8HMqQq9YpffndhGUSY8ME1brtuakJxlQZzgROin6mMaVsQHvYthhTiToYzxaekFPrdEmUKPtiQ2bu74kxlVqPZGg7JTV9vVibmv/V2pmJboIxj9PMYMzmH0WZICYh0+tJlytkRowsUKa43ZWwPlWUGZtR0YbgLZ68DI3Limf54apcvc3jKMAxnMA5eHANVbiHGtSBgYRneIU3RzkvzrvzMW9dcfKZI/gj5/MHuQuPrw==</latexit><latexit sha1_base64="J93W4HnmsHyj12tB/DiPYX7MZaU=">AAAB8HicbZBNS8NAEIYnftb6VfXoZbGIHqQkIuix6MVjBfshTSib7aRdupuE3U2hlP4KLx4U8erP8ea/cdvmoK0vLDy8M8POvGEquDau++2srK6tb2wWtorbO7t7+6WDw4ZOMsWwzhKRqFZINQoeY91wI7CVKqQyFNgMB3fTenOISvMkfjSjFANJezGPOKPGWk/+EBlR/sVZp1R2K+5MZBm8HMqQq9YpffndhGUSY8ME1brtuakJxlQZzgROin6mMaVsQHvYthhTiToYzxaekFPrdEmUKPtiQ2bu74kxlVqPZGg7JTV9vVibmv/V2pmJboIxj9PMYMzmH0WZICYh0+tJlytkRowsUKa43ZWwPlWUGZtR0YbgLZ68DI3Limf54apcvc3jKMAxnMA5eHANVbiHGtSBgYRneIU3RzkvzrvzMW9dcfKZI/gj5/MHuQuPrw==</latexit>

�r
<latexit sha1_base64="cCrgZjPZ7lj6REmMyCm+c2bybUE=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOm1js8mSZAtl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OG0almmGdKaF0K6IGBZdYt9wKbCUaaRwJbEaju1m9OUZtuJKPdpJgGNOB5H3OqHVWozNGRnS3VPYr/lxkFYIcypCr1i19dXqKpTFKywQ1ph34iQ0zqi1nAqfFTmowoWxEB9h2KGmMJszm207JuXN6pK+0e9KSuft7IqOxMZM4cp0xtUOzXJuZ/9Xaqe3fhBmXSWpRssVH/VQQq8jsdNLjGpkVEweUae52JWxINWXWBVR0IQTLJ69C47ISOH64Kldv8zgKcApncAEBXEMV7qEGdWDwBM/wCm+e8l68d+9j0brm5TMn8Efe5w85iI7i</latexit><latexit sha1_base64="cCrgZjPZ7lj6REmMyCm+c2bybUE=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOm1js8mSZAtl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OG0almmGdKaF0K6IGBZdYt9wKbCUaaRwJbEaju1m9OUZtuJKPdpJgGNOB5H3OqHVWozNGRnS3VPYr/lxkFYIcypCr1i19dXqKpTFKywQ1ph34iQ0zqi1nAqfFTmowoWxEB9h2KGmMJszm207JuXN6pK+0e9KSuft7IqOxMZM4cp0xtUOzXJuZ/9Xaqe3fhBmXSWpRssVH/VQQq8jsdNLjGpkVEweUae52JWxINWXWBVR0IQTLJ69C47ISOH64Kldv8zgKcApncAEBXEMV7qEGdWDwBM/wCm+e8l68d+9j0brm5TMn8Efe5w85iI7i</latexit><latexit sha1_base64="cCrgZjPZ7lj6REmMyCm+c2bybUE=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOm1js8mSZAtl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OG0almmGdKaF0K6IGBZdYt9wKbCUaaRwJbEaju1m9OUZtuJKPdpJgGNOB5H3OqHVWozNGRnS3VPYr/lxkFYIcypCr1i19dXqKpTFKywQ1ph34iQ0zqi1nAqfFTmowoWxEB9h2KGmMJszm207JuXN6pK+0e9KSuft7IqOxMZM4cp0xtUOzXJuZ/9Xaqe3fhBmXSWpRssVH/VQQq8jsdNLjGpkVEweUae52JWxINWXWBVR0IQTLJ69C47ISOH64Kldv8zgKcApncAEBXEMV7qEGdWDwBM/wCm+e8l68d+9j0brm5TMn8Efe5w85iI7i</latexit><latexit sha1_base64="cCrgZjPZ7lj6REmMyCm+c2bybUE=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOm1js8mSZAtl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OG0almmGdKaF0K6IGBZdYt9wKbCUaaRwJbEaju1m9OUZtuJKPdpJgGNOB5H3OqHVWozNGRnS3VPYr/lxkFYIcypCr1i19dXqKpTFKywQ1ph34iQ0zqi1nAqfFTmowoWxEB9h2KGmMJszm207JuXN6pK+0e9KSuft7IqOxMZM4cp0xtUOzXJuZ/9Xaqe3fhBmXSWpRssVH/VQQq8jsdNLjGpkVEweUae52JWxINWXWBVR0IQTLJ69C47ISOH64Kldv8zgKcApncAEBXEMV7qEGdWDwBM/wCm+e8l68d+9j0brm5TMn8Efe5w85iI7i</latexit>

P
<latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit>

�v
<latexit sha1_base64="sGjEYZk6nVA4rcpSdfmd6bgMYpM=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOm1js8mSZAtl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OG0almmGdKaF0K6IGBZdYt9wKbCUaaRwJbEaju1m9OUZtuJKPdpJgGNOB5H3OqHVWozNGRsbdUtmv+HORVQhyKEOuWrf01ekplsYoLRPUmHbgJzbMqLacCZwWO6nBhLIRHWDboaQxmjCbbzsl587pkb7S7klL5u7viYzGxkziyHXG1A7Ncm1m/ldrp7Z/E2ZcJqlFyRYf9VNBrCKz00mPa2RWTBxQprnblbAh1ZRZF1DRhRAsn7wKjctK4Pjhqly9zeMowCmcwQUEcA1VuIca1IHBEzzDK7x5ynvx3r2PReual8+cwB95nz8/mI7m</latexit><latexit sha1_base64="sGjEYZk6nVA4rcpSdfmd6bgMYpM=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOm1js8mSZAtl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OG0almmGdKaF0K6IGBZdYt9wKbCUaaRwJbEaju1m9OUZtuJKPdpJgGNOB5H3OqHVWozNGRsbdUtmv+HORVQhyKEOuWrf01ekplsYoLRPUmHbgJzbMqLacCZwWO6nBhLIRHWDboaQxmjCbbzsl587pkb7S7klL5u7viYzGxkziyHXG1A7Ncm1m/ldrp7Z/E2ZcJqlFyRYf9VNBrCKz00mPa2RWTBxQprnblbAh1ZRZF1DRhRAsn7wKjctK4Pjhqly9zeMowCmcwQUEcA1VuIca1IHBEzzDK7x5ynvx3r2PReual8+cwB95nz8/mI7m</latexit><latexit sha1_base64="sGjEYZk6nVA4rcpSdfmd6bgMYpM=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOm1js8mSZAtl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OG0almmGdKaF0K6IGBZdYt9wKbCUaaRwJbEaju1m9OUZtuJKPdpJgGNOB5H3OqHVWozNGRsbdUtmv+HORVQhyKEOuWrf01ekplsYoLRPUmHbgJzbMqLacCZwWO6nBhLIRHWDboaQxmjCbbzsl587pkb7S7klL5u7viYzGxkziyHXG1A7Ncm1m/ldrp7Z/E2ZcJqlFyRYf9VNBrCKz00mPa2RWTBxQprnblbAh1ZRZF1DRhRAsn7wKjctK4Pjhqly9zeMowCmcwQUEcA1VuIca1IHBEzzDK7x5ynvx3r2PReual8+cwB95nz8/mI7m</latexit><latexit sha1_base64="sGjEYZk6nVA4rcpSdfmd6bgMYpM=">AAAB7XicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOm1js8mSZAtl6X/w4kERr/4fb/4b03YP2vpC4OGdGTLzRongxvr+t7e2vrG5tV3YKe7u7R8clo6OG0almmGdKaF0K6IGBZdYt9wKbCUaaRwJbEaju1m9OUZtuJKPdpJgGNOB5H3OqHVWozNGRsbdUtmv+HORVQhyKEOuWrf01ekplsYoLRPUmHbgJzbMqLacCZwWO6nBhLIRHWDboaQxmjCbbzsl587pkb7S7klL5u7viYzGxkziyHXG1A7Ncm1m/ldrp7Z/E2ZcJqlFyRYf9VNBrCKz00mPa2RWTBxQprnblbAh1ZRZF1DRhRAsn7wKjctK4Pjhqly9zeMowCmcwQUEcA1VuIca1IHBEzzDK7x5ynvx3r2PReual8+cwB95nz8/mI7m</latexit>

Supongamos que en t = 0 la posición de la part́ıcula coincide con R ı̂. La figura nos

invita a utilizar coordenadas ciĺındricas para describir el movimiento. La posición con
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respecto a O
0 en coordenadas ciĺındricas puede ser escrita como

~r
0 = R ⇢̂

0
, ⇢̂

0 = cos�0
ı̂+ sin�0

|̂. (1.128)

La velocidad es

~v
0 = R �̇

0
�̂
0 (1.129)

Calculando el módulo, vemos que R|�̇
0
| = ⌫. Dado que el movimiento de la part́ıcula

es tal que el ángulo crece, debemos tomar �̇0
> 0, y por lo tanto obtenemos �̇0 = ⌫/R.

Continuando, la velocidad angular con respecto a O
0 es:

~!O0 =
1

R2
(R ⇢̂

0) ⇥ (R �̇
0
�̂
0), (1.130)

=
⌫

R
k̂, (1.131)

donde reemplazamos �̇0 = ⌫/R. Por lo tanto, vemos que la velocidad angular es un

vector que apunta en la dirección k̂, hacia afuera de la figura. Claramente, la rapidez

angular es

!O0 = �̇
0 =

⌫

R
. (1.132)

Calculemos ahora en la velocidad angular ~!O con respecto a un origen O a una

distancia D hacia la izquierda de O
0. La posición de la part́ıcula con respecto a O

puede ser expresada como

~r = D ı̂+ ~r
0 (1.133)

= D ı̂+R⇢̂
0 (1.134)

= (D +R cos�0)̂ı+R sin�0
|̂. (1.135)

Luego, dado que la separación D es constante, la velocidad de acuerdo a O es la

misma velocidad que registra O
0:

~v = ~v
0 = R!O0 �̂

0 = R
⌫

R
�̂
0 = ⌫ �̂

0 (1.136)

Sigue que la velocidad angular viene dada por

~!O =
(D ı̂+R ⇢̂

0) ⇥ R!O0 �̂
0

(D +R cos�0)2 +R2 sin2
�0
, (1.137)

= !O0
k̂ +� ı̂ ⇥ �̂

0

1 +�2 + 2� cos�0
, (1.138)
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donde hemos definido � ⌘ D/R. Para proseguir, notemos que

ı̂ ⇥ �̂
0 = ı̂ ⇥ (� sin�0

ı̂+ cos�0
|̂) (1.139)

= cos�0
ı̂ ⇥ |̂ (1.140)

= cos�0
k̂. (1.141)

Luego, dado que la part́ıcula está inicialmente en ~r
0 = Rı̂, sigue que �

0 = !O0t, y la

velocidad angular con respecto a O puede ser escrita como

~!O =
⌫

R

1 +� cos(!O0t)

1 +�2 + 2� cos(!O0t)
k̂, (1.142)

donde reemplazamos �̇0 = ⌫/R. Ahora notemos que si � > 1, entonces el numerador

de la expresión necesariamente cambiará su signo para ciertos valores de t, revelando

que la dirección !̂ cambiará abruptamente cada cierto tiempo. Esto es simplemente

porque, de acuerdo a un observador en O la part́ıcula baila periódicamente hacia

arriba y hacia abajo a lo largo del eje |̂. En cambio, si � < 1 el signo no cambiará

(al igual que para O
0), revelando que la part́ıcula está moviéndose alrededor de O.

1.20 Generalización de velocidad angular

Pensemos ahora en un vector arbitrario ~A(t) dependiente del tiempo. Al igual que

la posición ~r(t), su variación en el tiempo hará que su dirección barra un ángulo, tal

como lo muestra la siguiente figura:

��
<latexit sha1_base64="liRmnKuJU2lyMM1KXwJLc3TlxR4=">AAAB9HicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY1IPHCvYDmlAm2027dLOJu5NCKf0dXjwo4tUf481/47bNQVtfWHh4Z4aZfcNUCoOu++0U1tY3NreK26Wd3b39g/LhUdMkmWa8wRKZ6HYIhkuheAMFSt5ONYc4lLwVDm9n9daIayMS9YjjlAcx9JWIBAO0VuDfcYlAfZDpALrlilt156Kr4OVQIbnq3fKX30tYFnOFTIIxHc9NMZiARsEkn5b8zPAU2BD6vGNRQcxNMJkfPaVn1unRKNH2KaRz9/fEBGJjxnFoO2PAgVmuzcz/ap0Mo+tgIlSaIVdssSjKJMWEzhKgPaE5Qzm2AEwLeytlA9DA0OZUsiF4y19eheZF1bP8cFmp3eRxFMkJOSXnxCNXpEbuSZ00CCNP5Jm8kjdn5Lw4787HorXg5DPH5I+czx9HE5HE</latexit><latexit sha1_base64="liRmnKuJU2lyMM1KXwJLc3TlxR4=">AAAB9HicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY1IPHCvYDmlAm2027dLOJu5NCKf0dXjwo4tUf481/47bNQVtfWHh4Z4aZfcNUCoOu++0U1tY3NreK26Wd3b39g/LhUdMkmWa8wRKZ6HYIhkuheAMFSt5ONYc4lLwVDm9n9daIayMS9YjjlAcx9JWIBAO0VuDfcYlAfZDpALrlilt156Kr4OVQIbnq3fKX30tYFnOFTIIxHc9NMZiARsEkn5b8zPAU2BD6vGNRQcxNMJkfPaVn1unRKNH2KaRz9/fEBGJjxnFoO2PAgVmuzcz/ap0Mo+tgIlSaIVdssSjKJMWEzhKgPaE5Qzm2AEwLeytlA9DA0OZUsiF4y19eheZF1bP8cFmp3eRxFMkJOSXnxCNXpEbuSZ00CCNP5Jm8kjdn5Lw4787HorXg5DPH5I+czx9HE5HE</latexit><latexit sha1_base64="liRmnKuJU2lyMM1KXwJLc3TlxR4=">AAAB9HicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY1IPHCvYDmlAm2027dLOJu5NCKf0dXjwo4tUf481/47bNQVtfWHh4Z4aZfcNUCoOu++0U1tY3NreK26Wd3b39g/LhUdMkmWa8wRKZ6HYIhkuheAMFSt5ONYc4lLwVDm9n9daIayMS9YjjlAcx9JWIBAO0VuDfcYlAfZDpALrlilt156Kr4OVQIbnq3fKX30tYFnOFTIIxHc9NMZiARsEkn5b8zPAU2BD6vGNRQcxNMJkfPaVn1unRKNH2KaRz9/fEBGJjxnFoO2PAgVmuzcz/ap0Mo+tgIlSaIVdssSjKJMWEzhKgPaE5Qzm2AEwLeytlA9DA0OZUsiF4y19eheZF1bP8cFmp3eRxFMkJOSXnxCNXpEbuSZ00CCNP5Jm8kjdn5Lw4787HorXg5DPH5I+czx9HE5HE</latexit><latexit sha1_base64="liRmnKuJU2lyMM1KXwJLc3TlxR4=">AAAB9HicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY1IPHCvYDmlAm2027dLOJu5NCKf0dXjwo4tUf481/47bNQVtfWHh4Z4aZfcNUCoOu++0U1tY3NreK26Wd3b39g/LhUdMkmWa8wRKZ6HYIhkuheAMFSt5ONYc4lLwVDm9n9daIayMS9YjjlAcx9JWIBAO0VuDfcYlAfZDpALrlilt156Kr4OVQIbnq3fKX30tYFnOFTIIxHc9NMZiARsEkn5b8zPAU2BD6vGNRQcxNMJkfPaVn1unRKNH2KaRz9/fEBGJjxnFoO2PAgVmuzcz/ap0Mo+tgIlSaIVdssSjKJMWEzhKgPaE5Qzm2AEwLeytlA9DA0OZUsiF4y19eheZF1bP8cFmp3eRxFMkJOSXnxCNXpEbuSZ00CCNP5Jm8kjdn5Lw4787HorXg5DPH5I+czx9HE5HE</latexit> �A(t)

<latexit sha1_base64="RGcf94HDUUbAOIoh4+vfqQgQ1d4=">AAAB8XicbZBNSwMxEIZn61etX1WPXoJFqJeyK4Ieq148VrAf2C4lm2bb0Gx2SWYLpfRfePGgiFf/jTf/jWm7B219IfDwzgyZeYNECoOu++3k1tY3Nrfy24Wd3b39g+LhUcPEqWa8zmIZ61ZADZdC8ToKlLyVaE6jQPJmMLyb1Zsjro2I1SOOE+5HtK9EKBhFaz11RpyRG1LG826x5FbcucgqeBmUIFOtW/zq9GKWRlwhk9SYtucm6E+oRsEknxY6qeEJZUPa522Likbc+JP5xlNyZp0eCWNtn0Iyd39PTGhkzDgKbGdEcWCWazPzv1o7xfDanwiVpMgVW3wUppJgTGbnk57QnKEcW6BMC7srYQOqKUMbUsGG4C2fvAqNi4pn+eGyVL3N4sjDCZxCGTy4gircQw3qwEDBM7zCm2OcF+fd+Vi05pxs5hj+yPn8Aec7j74=</latexit><latexit sha1_base64="RGcf94HDUUbAOIoh4+vfqQgQ1d4=">AAAB8XicbZBNSwMxEIZn61etX1WPXoJFqJeyK4Ieq148VrAf2C4lm2bb0Gx2SWYLpfRfePGgiFf/jTf/jWm7B219IfDwzgyZeYNECoOu++3k1tY3Nrfy24Wd3b39g+LhUcPEqWa8zmIZ61ZADZdC8ToKlLyVaE6jQPJmMLyb1Zsjro2I1SOOE+5HtK9EKBhFaz11RpyRG1LG826x5FbcucgqeBmUIFOtW/zq9GKWRlwhk9SYtucm6E+oRsEknxY6qeEJZUPa522Likbc+JP5xlNyZp0eCWNtn0Iyd39PTGhkzDgKbGdEcWCWazPzv1o7xfDanwiVpMgVW3wUppJgTGbnk57QnKEcW6BMC7srYQOqKUMbUsGG4C2fvAqNi4pn+eGyVL3N4sjDCZxCGTy4gircQw3qwEDBM7zCm2OcF+fd+Vi05pxs5hj+yPn8Aec7j74=</latexit><latexit sha1_base64="RGcf94HDUUbAOIoh4+vfqQgQ1d4=">AAAB8XicbZBNSwMxEIZn61etX1WPXoJFqJeyK4Ieq148VrAf2C4lm2bb0Gx2SWYLpfRfePGgiFf/jTf/jWm7B219IfDwzgyZeYNECoOu++3k1tY3Nrfy24Wd3b39g+LhUcPEqWa8zmIZ61ZADZdC8ToKlLyVaE6jQPJmMLyb1Zsjro2I1SOOE+5HtK9EKBhFaz11RpyRG1LG826x5FbcucgqeBmUIFOtW/zq9GKWRlwhk9SYtucm6E+oRsEknxY6qeEJZUPa522Likbc+JP5xlNyZp0eCWNtn0Iyd39PTGhkzDgKbGdEcWCWazPzv1o7xfDanwiVpMgVW3wUppJgTGbnk57QnKEcW6BMC7srYQOqKUMbUsGG4C2fvAqNi4pn+eGyVL3N4sjDCZxCGTy4gircQw3qwEDBM7zCm2OcF+fd+Vi05pxs5hj+yPn8Aec7j74=</latexit><latexit sha1_base64="RGcf94HDUUbAOIoh4+vfqQgQ1d4=">AAAB8XicbZBNSwMxEIZn61etX1WPXoJFqJeyK4Ieq148VrAf2C4lm2bb0Gx2SWYLpfRfePGgiFf/jTf/jWm7B219IfDwzgyZeYNECoOu++3k1tY3Nrfy24Wd3b39g+LhUcPEqWa8zmIZ61ZADZdC8ToKlLyVaE6jQPJmMLyb1Zsjro2I1SOOE+5HtK9EKBhFaz11RpyRG1LG826x5FbcucgqeBmUIFOtW/zq9GKWRlwhk9SYtucm6E+oRsEknxY6qeEJZUPa522Likbc+JP5xlNyZp0eCWNtn0Iyd39PTGhkzDgKbGdEcWCWazPzv1o7xfDanwiVpMgVW3wUppJgTGbnk57QnKEcW6BMC7srYQOqKUMbUsGG4C2fvAqNi4pn+eGyVL3N4sjDCZxCGTy4gircQw3qwEDBM7zCm2OcF+fd+Vi05pxs5hj+yPn8Aec7j74=</latexit>

�A(t + �t)
<latexit sha1_base64="snbfP6OcFjZ/kLYPqGbsNd1zrN8=">AAAB/nicbZDJSgNBEIZ74hbjNiqevDQGISKEGRH0GJeDxwhmgUwIPZ1K0qRnobsmEIaAr+LFgyJefQ5vvo2dZA4a/aHh468qqvr3Yyk0Os6XlVtaXlldy68XNja3tnfs3b26jhLFocYjGammzzRIEUINBUpoxgpY4Eto+MObab0xAqVFFD7gOIZ2wPqh6AnO0Fgd+8AbAadXtIT0lHq3IJFRPOnYRafszET/gptBkWSqduxPrxvxJIAQuWRat1wnxnbKFAouYVLwEg0x40PWh5bBkAWg2+ns/Ak9Nk6X9iJlXoh05v6cSFmg9TjwTWfAcKAXa1Pzv1orwd5lOxVhnCCEfL6ol0iKEZ1mQbtCAUc5NsC4EuZWygdMMY4msYIJwV388l+on5Vdw/fnxcp1FkeeHJIjUiIuuSAVckeqpEY4SckTeSGv1qP1bL1Z7/PWnJXN7JNfsj6+ARqek6I=</latexit><latexit sha1_base64="snbfP6OcFjZ/kLYPqGbsNd1zrN8=">AAAB/nicbZDJSgNBEIZ74hbjNiqevDQGISKEGRH0GJeDxwhmgUwIPZ1K0qRnobsmEIaAr+LFgyJefQ5vvo2dZA4a/aHh468qqvr3Yyk0Os6XlVtaXlldy68XNja3tnfs3b26jhLFocYjGammzzRIEUINBUpoxgpY4Eto+MObab0xAqVFFD7gOIZ2wPqh6AnO0Fgd+8AbAadXtIT0lHq3IJFRPOnYRafszET/gptBkWSqduxPrxvxJIAQuWRat1wnxnbKFAouYVLwEg0x40PWh5bBkAWg2+ns/Ak9Nk6X9iJlXoh05v6cSFmg9TjwTWfAcKAXa1Pzv1orwd5lOxVhnCCEfL6ol0iKEZ1mQbtCAUc5NsC4EuZWygdMMY4msYIJwV388l+on5Vdw/fnxcp1FkeeHJIjUiIuuSAVckeqpEY4SckTeSGv1qP1bL1Z7/PWnJXN7JNfsj6+ARqek6I=</latexit><latexit sha1_base64="snbfP6OcFjZ/kLYPqGbsNd1zrN8=">AAAB/nicbZDJSgNBEIZ74hbjNiqevDQGISKEGRH0GJeDxwhmgUwIPZ1K0qRnobsmEIaAr+LFgyJefQ5vvo2dZA4a/aHh468qqvr3Yyk0Os6XlVtaXlldy68XNja3tnfs3b26jhLFocYjGammzzRIEUINBUpoxgpY4Eto+MObab0xAqVFFD7gOIZ2wPqh6AnO0Fgd+8AbAadXtIT0lHq3IJFRPOnYRafszET/gptBkWSqduxPrxvxJIAQuWRat1wnxnbKFAouYVLwEg0x40PWh5bBkAWg2+ns/Ak9Nk6X9iJlXoh05v6cSFmg9TjwTWfAcKAXa1Pzv1orwd5lOxVhnCCEfL6ol0iKEZ1mQbtCAUc5NsC4EuZWygdMMY4msYIJwV388l+on5Vdw/fnxcp1FkeeHJIjUiIuuSAVckeqpEY4SckTeSGv1qP1bL1Z7/PWnJXN7JNfsj6+ARqek6I=</latexit><latexit sha1_base64="snbfP6OcFjZ/kLYPqGbsNd1zrN8=">AAAB/nicbZDJSgNBEIZ74hbjNiqevDQGISKEGRH0GJeDxwhmgUwIPZ1K0qRnobsmEIaAr+LFgyJefQ5vvo2dZA4a/aHh468qqvr3Yyk0Os6XlVtaXlldy68XNja3tnfs3b26jhLFocYjGammzzRIEUINBUpoxgpY4Eto+MObab0xAqVFFD7gOIZ2wPqh6AnO0Fgd+8AbAadXtIT0lHq3IJFRPOnYRafszET/gptBkWSqduxPrxvxJIAQuWRat1wnxnbKFAouYVLwEg0x40PWh5bBkAWg2+ns/Ak9Nk6X9iJlXoh05v6cSFmg9TjwTWfAcKAXa1Pzv1orwd5lOxVhnCCEfL6ol0iKEZ1mQbtCAUc5NsC4EuZWygdMMY4msYIJwV388l+on5Vdw/fnxcp1FkeeHJIjUiIuuSAVckeqpEY4SckTeSGv1qP1bL1Z7/PWnJXN7JNfsj6+ARqek6I=</latexit>

� �A(t)
<latexit sha1_base64="VkSd2MtrvAygmjqNt0O3GPKU6z4=">AAAB+nicbZDLTgIxFIY7XhFvgy7dNBIT3JAZY6JLvCxcYiKXBAjplAM0dDqT9gyGII/ixoXGuPVJ3Pk2FpiFgn/S5Mt/zsk5/YNYCoOe9+2srK6tb2xmtrLbO7t7+27uoGqiRHOo8EhGuh4wA1IoqKBACfVYAwsDCbVgcDOt14agjYjUA45iaIWsp0RXcIbWaru55i1IZLQ5BE6vaAFP227eK3oz0WXwU8iTVOW2+9XsRDwJQSGXzJiG78XYGjONgkuYZJuJgZjxAetBw6JiIZjWeHb6hJ5Yp0O7kbZPIZ25vyfGLDRmFAa2M2TYN4u1qflfrZFg97I1FipOEBSfL+omkmJEpznQjtDAUY4sMK6FvZXyPtOMo00ra0PwF7+8DNWzom/5/jxfuk7jyJAjckwKxCcXpETuSJlUCCeP5Jm8kjfnyXlx3p2PeeuKk84ckj9yPn8AJJ2Smw==</latexit><latexit sha1_base64="VkSd2MtrvAygmjqNt0O3GPKU6z4=">AAAB+nicbZDLTgIxFIY7XhFvgy7dNBIT3JAZY6JLvCxcYiKXBAjplAM0dDqT9gyGII/ixoXGuPVJ3Pk2FpiFgn/S5Mt/zsk5/YNYCoOe9+2srK6tb2xmtrLbO7t7+27uoGqiRHOo8EhGuh4wA1IoqKBACfVYAwsDCbVgcDOt14agjYjUA45iaIWsp0RXcIbWaru55i1IZLQ5BE6vaAFP227eK3oz0WXwU8iTVOW2+9XsRDwJQSGXzJiG78XYGjONgkuYZJuJgZjxAetBw6JiIZjWeHb6hJ5Yp0O7kbZPIZ25vyfGLDRmFAa2M2TYN4u1qflfrZFg97I1FipOEBSfL+omkmJEpznQjtDAUY4sMK6FvZXyPtOMo00ra0PwF7+8DNWzom/5/jxfuk7jyJAjckwKxCcXpETuSJlUCCeP5Jm8kjfnyXlx3p2PeeuKk84ckj9yPn8AJJ2Smw==</latexit><latexit sha1_base64="VkSd2MtrvAygmjqNt0O3GPKU6z4=">AAAB+nicbZDLTgIxFIY7XhFvgy7dNBIT3JAZY6JLvCxcYiKXBAjplAM0dDqT9gyGII/ixoXGuPVJ3Pk2FpiFgn/S5Mt/zsk5/YNYCoOe9+2srK6tb2xmtrLbO7t7+27uoGqiRHOo8EhGuh4wA1IoqKBACfVYAwsDCbVgcDOt14agjYjUA45iaIWsp0RXcIbWaru55i1IZLQ5BE6vaAFP227eK3oz0WXwU8iTVOW2+9XsRDwJQSGXzJiG78XYGjONgkuYZJuJgZjxAetBw6JiIZjWeHb6hJ5Yp0O7kbZPIZ25vyfGLDRmFAa2M2TYN4u1qflfrZFg97I1FipOEBSfL+omkmJEpznQjtDAUY4sMK6FvZXyPtOMo00ra0PwF7+8DNWzom/5/jxfuk7jyJAjckwKxCcXpETuSJlUCCeP5Jm8kjfnyXlx3p2PeeuKk84ckj9yPn8AJJ2Smw==</latexit><latexit sha1_base64="VkSd2MtrvAygmjqNt0O3GPKU6z4=">AAAB+nicbZDLTgIxFIY7XhFvgy7dNBIT3JAZY6JLvCxcYiKXBAjplAM0dDqT9gyGII/ixoXGuPVJ3Pk2FpiFgn/S5Mt/zsk5/YNYCoOe9+2srK6tb2xmtrLbO7t7+27uoGqiRHOo8EhGuh4wA1IoqKBACfVYAwsDCbVgcDOt14agjYjUA45iaIWsp0RXcIbWaru55i1IZLQ5BE6vaAFP227eK3oz0WXwU8iTVOW2+9XsRDwJQSGXzJiG78XYGjONgkuYZJuJgZjxAetBw6JiIZjWeHb6hJ5Yp0O7kbZPIZ25vyfGLDRmFAa2M2TYN4u1qflfrZFg97I1FipOEBSfL+omkmJEpznQjtDAUY4sMK6FvZXyPtOMo00ra0PwF7+8DNWzom/5/jxfuk7jyJAjckwKxCcXpETuSJlUCCeP5Jm8kjfnyXlx3p2PeeuKk84ckj9yPn8AJJ2Smw==</latexit>
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De esta forma, tal como lo hicimos para la posición, es posible definir una velocidad

angular asociado al vector ~A. Los pasos a seguir son idénticos a aquellos mostrados

en la Sección 1.18, dando como resultado la siguiente definición:

~!A ⌘
1

|| ~A||2
~A ⇥

d ~A

dt
. (1.143)

Utilicemos esta definición para derivar un resultado útil. Primero, apliquemos un

producto cruz con ~A en ambos lados de la expresión anterior:

~A ⇥ ~!A ⌘
1

|| ~A||2
~A ⇥ ( ~A ⇥

d ~A

dt
). (1.144)

Consideremos ahora la siguiente propiedad vectorial ~A⇥( ~B⇥ ~C) = ~B( ~A· ~C)� ~C( ~A· ~B):

~A ⇥ ~!A =
1

|| ~A||2
~A ⇥ ( ~A ⇥

d ~A

dt
) (1.145)

=
1

|| ~A||2

"
~A

 
~A ·

d ~A

dt

!
�

d ~A

dt
|| ~A||

2

#
. (1.146)

Para simplificar esta expresión, notemos que

1

2

d

dt
|| ~A||

2 =
1

2

d

dt
( ~A · ~A) = ~A ·

d ~A

dt
. (1.147)

Reemplazando, obtenemos

d ~A

dt
=

~A

2|| ~A||2

d

dt
|| ~A||

2 + ~!A ⇥ ~A. (1.148)

Este resultado puede re-escribirse de la siguiente manera

d ~A

dt
= Â

d

dt
|| ~A|| + ~!A ⇥ ~A. (1.149)

donde Â = ~A/k ~Ak es el vector unitario que apunta en la dirección ~A. En general, un

vector puede cambiar su largo y su dirección. La ecuación (1.149) precisamente da

cuenta de esta situación: Notemos que los dos términos son perpendiculares entre śı.

El primer término nos describe cómo cambia el largo de ~A mientras que el segundo

término describe el ritmo de giro de ~A.
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Para concluir esta discusión, notemos que en el caso particular en que el largo del

vector || ~A|| permanece constante, vemos que

d ~A

dt
= ~!A ⇥ ~A. (1.150)

Notemos que el lado derecho de (1.150) es perpendicular a ~A. Por lo tanto, sigue que

d ~A

dt
? ~A. (1.151)

Pero esto ya lo sab́ıamos, dado que a partir de (1.147) vemos que si el largo de ~A es

constante, entonces ~A ·
d ~A
dt = 0, lo que también nos informa que d ~A

dt es perpendicular

a ~A.

1.21 Vectores tangente y normal

Consideremos ahora una descripción de cantidades cinemáticas que no depende de

la ubicación del origen. Comencemos por definir un vector unitario t̂ a partir de la

velocidad de la siguiente forma:

t̂ ⌘
~v

⌫
, (1.152)

donde ⌫ = ||~v|| es la rapidez. El vector unitario t̂ nos indica la dirección en la cual se

mueve la part́ıcula en cierto instante. Luego, necesariamente es un vector tangente a

la trayectoria de la part́ıcula, tal como lo muestra la siguiente figura:

P
<latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit>

t̂
<latexit sha1_base64="BJG1mb0zJ94UXxpeEhhWi47vvWY=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZHFAn2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w866o7j</latexit><latexit sha1_base64="BJG1mb0zJ94UXxpeEhhWi47vvWY=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZHFAn2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w866o7j</latexit><latexit sha1_base64="BJG1mb0zJ94UXxpeEhhWi47vvWY=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZHFAn2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w866o7j</latexit><latexit sha1_base64="BJG1mb0zJ94UXxpeEhhWi47vvWY=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZHFAn2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w866o7j</latexit>
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Evidentemente, la velocidad puede ser expresada en términos de la rapidez y el vector

tangente como:

~v = ⌫ t̂. (1.153)

Luego, la aceleración viene dada por

~a = ⌫̇ t̂+ ⌫
˙̂
t. (1.154)

Dado que el largo de t̂ es constante, a partir de (1.151), sabemos que ˙̂
t debe ser

perpendicular a t̂. Luego, podemos definir un vector unitario n̂ perpendicular a t̂,

llamado vector normal, de la siguiente manera:

n̂ ⌘

����
dt̂

dt

����
�1

dt̂

dt
. (1.155)

Más aún, a partir de (1.143), es directo constatar que la velocidad angular con la cual

gira t̂ en el instante t viene dada por:

~!t̂ =

����
dt̂

dt

���� t̂ ⇥ n̂. (1.156)

Dado que b̂ ⌘ t̂⇥ n̂ es un vector unitario, denominado el vector bi-normal, vemos que

����
dt̂

dt

���� = !t̂, (1.157)

donde !t̂ es la rapidez angular del vector unitario t̂. Esto nos permite escribir la

relación entre ˙̂
t y n̂ de una forma un poco más elegante:

dt̂

dt
= !t̂ n̂. (1.158)

Esto quiere decir que podemos re-expresar la aceleración como:

~a = ⌫̇ t̂+ ⌫!t̂n̂. (1.159)

Tratemos de entender con mayor claridad qué rol cumple n̂. Para ello, consideremos

a la part́ıcula en movimiento a lo largo de su trayectoria en los instantes t y t +�t.

Los vectores tangentes en dichos instantes serán t̂(t) y t̂(t+�t), tal como lo muestra

la siguiente figura:
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P
<latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit>

t̂(t)
<latexit sha1_base64="7MfW9VDW3Whib9y2Z8G4tpnXKgk=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFeyHtKFstpt26W4SdidCCf0VXjwo4tWf481/47bNQVtfWHh4Z4adeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605ADZci4k0UKHkn0ZyqQPJ2ML6d1dtPXBsRRw84Sbiv6DASoWAUrfXYG1EkWMXzfrni1ty5yCp4OVQgV6Nf/uoNYpYqHiGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrsWIKm78bL7wlJxZZ0DCWNsXIZm7vycyqoyZqMB2Koojs1ybmf/VuimG134moiRFHrHFR2EqCcZkdj0ZCM0ZyokFyrSwuxI2opoytBmVbAje8smr0LqoeZbvLyv1mzyOIpzAKVTBgyuowx00oAkMFDzDK7w52nlx3p2PRWvByWeO4Y+czx/bqI/G</latexit><latexit sha1_base64="7MfW9VDW3Whib9y2Z8G4tpnXKgk=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFeyHtKFstpt26W4SdidCCf0VXjwo4tWf481/47bNQVtfWHh4Z4adeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605ADZci4k0UKHkn0ZyqQPJ2ML6d1dtPXBsRRw84Sbiv6DASoWAUrfXYG1EkWMXzfrni1ty5yCp4OVQgV6Nf/uoNYpYqHiGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrsWIKm78bL7wlJxZZ0DCWNsXIZm7vycyqoyZqMB2Koojs1ybmf/VuimG134moiRFHrHFR2EqCcZkdj0ZCM0ZyokFyrSwuxI2opoytBmVbAje8smr0LqoeZbvLyv1mzyOIpzAKVTBgyuowx00oAkMFDzDK7w52nlx3p2PRWvByWeO4Y+czx/bqI/G</latexit><latexit sha1_base64="7MfW9VDW3Whib9y2Z8G4tpnXKgk=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFeyHtKFstpt26W4SdidCCf0VXjwo4tWf481/47bNQVtfWHh4Z4adeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605ADZci4k0UKHkn0ZyqQPJ2ML6d1dtPXBsRRw84Sbiv6DASoWAUrfXYG1EkWMXzfrni1ty5yCp4OVQgV6Nf/uoNYpYqHiGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrsWIKm78bL7wlJxZZ0DCWNsXIZm7vycyqoyZqMB2Koojs1ybmf/VuimG134moiRFHrHFR2EqCcZkdj0ZCM0ZyokFyrSwuxI2opoytBmVbAje8smr0LqoeZbvLyv1mzyOIpzAKVTBgyuowx00oAkMFDzDK7w52nlx3p2PRWvByWeO4Y+czx/bqI/G</latexit><latexit sha1_base64="7MfW9VDW3Whib9y2Z8G4tpnXKgk=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFeyHtKFstpt26W4SdidCCf0VXjwo4tWf481/47bNQVtfWHh4Z4adeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605ADZci4k0UKHkn0ZyqQPJ2ML6d1dtPXBsRRw84Sbiv6DASoWAUrfXYG1EkWMXzfrni1ty5yCp4OVQgV6Nf/uoNYpYqHiGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrsWIKm78bL7wlJxZZ0DCWNsXIZm7vycyqoyZqMB2Koojs1ybmf/VuimG134moiRFHrHFR2EqCcZkdj0ZCM0ZyokFyrSwuxI2opoytBmVbAje8smr0LqoeZbvLyv1mzyOIpzAKVTBgyuowx00oAkMFDzDK7w52nlx3p2PRWvByWeO4Y+czx/bqI/G</latexit>

t̂(t + �t)
<latexit sha1_base64="qMQn1jtvxE9XmuDEXfvsZLeWl2g=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaLUBFKIoIui7pwWcFeoAllMp20QyeTMHMi1FB8FTcuFHHre7jzbZy2WWjrDwMf/zmHc+YPEsE1OM63VVhaXlldK66XNja3tnfs3b2mjlNFWYPGIlbtgGgmuGQN4CBYO1GMRIFgrWB4Pam3HpjSPJb3MEqYH5G+5CGnBIzVtQ+8AQEMFcCn2LthAgiGk65ddqrOVHgR3BzKKFe9a395vZimEZNABdG64zoJ+BlRwKlg45KXapYQOiR91jEoScS0n02vH+Nj4/RwGCvzJOCp+3siI5HWoygwnRGBgZ6vTcz/ap0Uwks/4zJJgUk6WxSmAkOMJ1HgHleMghgZIFRxcyumA6IIBRNYyYTgzn95EZpnVdfw3Xm5dpXHUUSH6AhVkIsuUA3dojpqIIoe0TN6RW/Wk/VivVsfs9aClc/soz+yPn8AD5yTqg==</latexit><latexit sha1_base64="qMQn1jtvxE9XmuDEXfvsZLeWl2g=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaLUBFKIoIui7pwWcFeoAllMp20QyeTMHMi1FB8FTcuFHHre7jzbZy2WWjrDwMf/zmHc+YPEsE1OM63VVhaXlldK66XNja3tnfs3b2mjlNFWYPGIlbtgGgmuGQN4CBYO1GMRIFgrWB4Pam3HpjSPJb3MEqYH5G+5CGnBIzVtQ+8AQEMFcCn2LthAgiGk65ddqrOVHgR3BzKKFe9a395vZimEZNABdG64zoJ+BlRwKlg45KXapYQOiR91jEoScS0n02vH+Nj4/RwGCvzJOCp+3siI5HWoygwnRGBgZ6vTcz/ap0Uwks/4zJJgUk6WxSmAkOMJ1HgHleMghgZIFRxcyumA6IIBRNYyYTgzn95EZpnVdfw3Xm5dpXHUUSH6AhVkIsuUA3dojpqIIoe0TN6RW/Wk/VivVsfs9aClc/soz+yPn8AD5yTqg==</latexit><latexit sha1_base64="qMQn1jtvxE9XmuDEXfvsZLeWl2g=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaLUBFKIoIui7pwWcFeoAllMp20QyeTMHMi1FB8FTcuFHHre7jzbZy2WWjrDwMf/zmHc+YPEsE1OM63VVhaXlldK66XNja3tnfs3b2mjlNFWYPGIlbtgGgmuGQN4CBYO1GMRIFgrWB4Pam3HpjSPJb3MEqYH5G+5CGnBIzVtQ+8AQEMFcCn2LthAgiGk65ddqrOVHgR3BzKKFe9a395vZimEZNABdG64zoJ+BlRwKlg45KXapYQOiR91jEoScS0n02vH+Nj4/RwGCvzJOCp+3siI5HWoygwnRGBgZ6vTcz/ap0Uwks/4zJJgUk6WxSmAkOMJ1HgHleMghgZIFRxcyumA6IIBRNYyYTgzn95EZpnVdfw3Xm5dpXHUUSH6AhVkIsuUA3dojpqIIoe0TN6RW/Wk/VivVsfs9aClc/soz+yPn8AD5yTqg==</latexit><latexit sha1_base64="qMQn1jtvxE9XmuDEXfvsZLeWl2g=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaLUBFKIoIui7pwWcFeoAllMp20QyeTMHMi1FB8FTcuFHHre7jzbZy2WWjrDwMf/zmHc+YPEsE1OM63VVhaXlldK66XNja3tnfs3b2mjlNFWYPGIlbtgGgmuGQN4CBYO1GMRIFgrWB4Pam3HpjSPJb3MEqYH5G+5CGnBIzVtQ+8AQEMFcCn2LthAgiGk65ddqrOVHgR3BzKKFe9a395vZimEZNABdG64zoJ+BlRwKlg45KXapYQOiR91jEoScS0n02vH+Nj4/RwGCvzJOCp+3siI5HWoygwnRGBgZ6vTcz/ap0Uwks/4zJJgUk6WxSmAkOMJ1HgHleMghgZIFRxcyumA6IIBRNYyYTgzn95EZpnVdfw3Xm5dpXHUUSH6AhVkIsuUA3dojpqIIoe0TN6RW/Wk/VivVsfs9aClc/soz+yPn8AD5yTqg==</latexit>

P �
<latexit sha1_base64="0C2EVdwBQIhpfJ/GKBU8ej38PmY=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF9FQSKeix6MVjFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH80kQT+iQ8lDzqix1kPjvF+uuFV3LrIKXg4VyNXol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz+abTsmZdQYkjJV90pC5+3sio5HWkyiwnRE1I71cm5n/1bqpCa/9jMskNSjZ4qMwFcTEZHY2GXCFzIiJBcoUt7sSNqKKMmPDKdkQvOWTV6F1WfUs39cq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+yPn8AQn6jQU=</latexit><latexit sha1_base64="0C2EVdwBQIhpfJ/GKBU8ej38PmY=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF9FQSKeix6MVjFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH80kQT+iQ8lDzqix1kPjvF+uuFV3LrIKXg4VyNXol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz+abTsmZdQYkjJV90pC5+3sio5HWkyiwnRE1I71cm5n/1bqpCa/9jMskNSjZ4qMwFcTEZHY2GXCFzIiJBcoUt7sSNqKKMmPDKdkQvOWTV6F1WfUs39cq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+yPn8AQn6jQU=</latexit><latexit sha1_base64="0C2EVdwBQIhpfJ/GKBU8ej38PmY=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF9FQSKeix6MVjFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH80kQT+iQ8lDzqix1kPjvF+uuFV3LrIKXg4VyNXol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz+abTsmZdQYkjJV90pC5+3sio5HWkyiwnRE1I71cm5n/1bqpCa/9jMskNSjZ4qMwFcTEZHY2GXCFzIiJBcoUt7sSNqKKMmPDKdkQvOWTV6F1WfUs39cq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+yPn8AQn6jQU=</latexit><latexit sha1_base64="0C2EVdwBQIhpfJ/GKBU8ej38PmY=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF9FQSKeix6MVjFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH80kQT+iQ8lDzqix1kPjvF+uuFV3LrIKXg4VyNXol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz+abTsmZdQYkjJV90pC5+3sio5HWkyiwnRE1I71cm5n/1bqpCa/9jMskNSjZ4qMwFcTEZHY2GXCFzIiJBcoUt7sSNqKKMmPDKdkQvOWTV6F1WfUs39cq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+yPn8AQn6jQU=</latexit>

Los dos vectores t̂(t) y t̂(t +�t) pueden ser visualizados en conjunto de la siguiente

forma:

t̂(t + �t)
<latexit sha1_base64="qMQn1jtvxE9XmuDEXfvsZLeWl2g=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaLUBFKIoIui7pwWcFeoAllMp20QyeTMHMi1FB8FTcuFHHre7jzbZy2WWjrDwMf/zmHc+YPEsE1OM63VVhaXlldK66XNja3tnfs3b2mjlNFWYPGIlbtgGgmuGQN4CBYO1GMRIFgrWB4Pam3HpjSPJb3MEqYH5G+5CGnBIzVtQ+8AQEMFcCn2LthAgiGk65ddqrOVHgR3BzKKFe9a395vZimEZNABdG64zoJ+BlRwKlg45KXapYQOiR91jEoScS0n02vH+Nj4/RwGCvzJOCp+3siI5HWoygwnRGBgZ6vTcz/ap0Uwks/4zJJgUk6WxSmAkOMJ1HgHleMghgZIFRxcyumA6IIBRNYyYTgzn95EZpnVdfw3Xm5dpXHUUSH6AhVkIsuUA3dojpqIIoe0TN6RW/Wk/VivVsfs9aClc/soz+yPn8AD5yTqg==</latexit><latexit sha1_base64="qMQn1jtvxE9XmuDEXfvsZLeWl2g=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaLUBFKIoIui7pwWcFeoAllMp20QyeTMHMi1FB8FTcuFHHre7jzbZy2WWjrDwMf/zmHc+YPEsE1OM63VVhaXlldK66XNja3tnfs3b2mjlNFWYPGIlbtgGgmuGQN4CBYO1GMRIFgrWB4Pam3HpjSPJb3MEqYH5G+5CGnBIzVtQ+8AQEMFcCn2LthAgiGk65ddqrOVHgR3BzKKFe9a395vZimEZNABdG64zoJ+BlRwKlg45KXapYQOiR91jEoScS0n02vH+Nj4/RwGCvzJOCp+3siI5HWoygwnRGBgZ6vTcz/ap0Uwks/4zJJgUk6WxSmAkOMJ1HgHleMghgZIFRxcyumA6IIBRNYyYTgzn95EZpnVdfw3Xm5dpXHUUSH6AhVkIsuUA3dojpqIIoe0TN6RW/Wk/VivVsfs9aClc/soz+yPn8AD5yTqg==</latexit><latexit sha1_base64="qMQn1jtvxE9XmuDEXfvsZLeWl2g=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaLUBFKIoIui7pwWcFeoAllMp20QyeTMHMi1FB8FTcuFHHre7jzbZy2WWjrDwMf/zmHc+YPEsE1OM63VVhaXlldK66XNja3tnfs3b2mjlNFWYPGIlbtgGgmuGQN4CBYO1GMRIFgrWB4Pam3HpjSPJb3MEqYH5G+5CGnBIzVtQ+8AQEMFcCn2LthAgiGk65ddqrOVHgR3BzKKFe9a395vZimEZNABdG64zoJ+BlRwKlg45KXapYQOiR91jEoScS0n02vH+Nj4/RwGCvzJOCp+3siI5HWoygwnRGBgZ6vTcz/ap0Uwks/4zJJgUk6WxSmAkOMJ1HgHleMghgZIFRxcyumA6IIBRNYyYTgzn95EZpnVdfw3Xm5dpXHUUSH6AhVkIsuUA3dojpqIIoe0TN6RW/Wk/VivVsfs9aClc/soz+yPn8AD5yTqg==</latexit><latexit sha1_base64="qMQn1jtvxE9XmuDEXfvsZLeWl2g=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaLUBFKIoIui7pwWcFeoAllMp20QyeTMHMi1FB8FTcuFHHre7jzbZy2WWjrDwMf/zmHc+YPEsE1OM63VVhaXlldK66XNja3tnfs3b2mjlNFWYPGIlbtgGgmuGQN4CBYO1GMRIFgrWB4Pam3HpjSPJb3MEqYH5G+5CGnBIzVtQ+8AQEMFcCn2LthAgiGk65ddqrOVHgR3BzKKFe9a395vZimEZNABdG64zoJ+BlRwKlg45KXapYQOiR91jEoScS0n02vH+Nj4/RwGCvzJOCp+3siI5HWoygwnRGBgZ6vTcz/ap0Uwks/4zJJgUk6WxSmAkOMJ1HgHleMghgZIFRxcyumA6IIBRNYyYTgzn95EZpnVdfw3Xm5dpXHUUSH6AhVkIsuUA3dojpqIIoe0TN6RW/Wk/VivVsfs9aClc/soz+yPn8AD5yTqg==</latexit>

t̂(t)
<latexit sha1_base64="7MfW9VDW3Whib9y2Z8G4tpnXKgk=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFeyHtKFstpt26W4SdidCCf0VXjwo4tWf481/47bNQVtfWHh4Z4adeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605ADZci4k0UKHkn0ZyqQPJ2ML6d1dtPXBsRRw84Sbiv6DASoWAUrfXYG1EkWMXzfrni1ty5yCp4OVQgV6Nf/uoNYpYqHiGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrsWIKm78bL7wlJxZZ0DCWNsXIZm7vycyqoyZqMB2Koojs1ybmf/VuimG134moiRFHrHFR2EqCcZkdj0ZCM0ZyokFyrSwuxI2opoytBmVbAje8smr0LqoeZbvLyv1mzyOIpzAKVTBgyuowx00oAkMFDzDK7w52nlx3p2PRWvByWeO4Y+czx/bqI/G</latexit><latexit sha1_base64="7MfW9VDW3Whib9y2Z8G4tpnXKgk=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFeyHtKFstpt26W4SdidCCf0VXjwo4tWf481/47bNQVtfWHh4Z4adeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605ADZci4k0UKHkn0ZyqQPJ2ML6d1dtPXBsRRw84Sbiv6DASoWAUrfXYG1EkWMXzfrni1ty5yCp4OVQgV6Nf/uoNYpYqHiGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrsWIKm78bL7wlJxZZ0DCWNsXIZm7vycyqoyZqMB2Koojs1ybmf/VuimG134moiRFHrHFR2EqCcZkdj0ZCM0ZyokFyrSwuxI2opoytBmVbAje8smr0LqoeZbvLyv1mzyOIpzAKVTBgyuowx00oAkMFDzDK7w52nlx3p2PRWvByWeO4Y+czx/bqI/G</latexit><latexit sha1_base64="7MfW9VDW3Whib9y2Z8G4tpnXKgk=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFeyHtKFstpt26W4SdidCCf0VXjwo4tWf481/47bNQVtfWHh4Z4adeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605ADZci4k0UKHkn0ZyqQPJ2ML6d1dtPXBsRRw84Sbiv6DASoWAUrfXYG1EkWMXzfrni1ty5yCp4OVQgV6Nf/uoNYpYqHiGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrsWIKm78bL7wlJxZZ0DCWNsXIZm7vycyqoyZqMB2Koojs1ybmf/VuimG134moiRFHrHFR2EqCcZkdj0ZCM0ZyokFyrSwuxI2opoytBmVbAje8smr0LqoeZbvLyv1mzyOIpzAKVTBgyuowx00oAkMFDzDK7w52nlx3p2PRWvByWeO4Y+czx/bqI/G</latexit><latexit sha1_base64="7MfW9VDW3Whib9y2Z8G4tpnXKgk=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFeyHtKFstpt26W4SdidCCf0VXjwo4tWf481/47bNQVtfWHh4Z4adeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605ADZci4k0UKHkn0ZyqQPJ2ML6d1dtPXBsRRw84Sbiv6DASoWAUrfXYG1EkWMXzfrni1ty5yCp4OVQgV6Nf/uoNYpYqHiGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrsWIKm78bL7wlJxZZ0DCWNsXIZm7vycyqoyZqMB2Koojs1ybmf/VuimG134moiRFHrHFR2EqCcZkdj0ZCM0ZyokFyrSwuxI2opoytBmVbAje8smr0LqoeZbvLyv1mzyOIpzAKVTBgyuowx00oAkMFDzDK7w52nlx3p2PRWvByWeO4Y+czx/bqI/G</latexit>

�t̂(t)
<latexit sha1_base64="uLDAokR9hcV10Np31W7WUq5EmJo=">AAAB+XicbZDLSsNAFIYnXmu9RV26GSxC3ZREBF0WdeGygr1AE8rJdNIOnVyYOSmU0Ddx40IRt76JO9/GaZuFtv4w8PGfczhn/iCVQqPjfFtr6xubW9ulnfLu3v7BoX103NJJphhvskQmqhOA5lLEvIkCJe+kikMUSN4ORnezenvMlRZJ/ISTlPsRDGIRCgZorJ5te/dcIlBvCEixihc9u+LUnLnoKrgFVEihRs/+8voJyyIeI5Ogddd1UvRzUCiY5NOyl2meAhvBgHcNxhBx7efzy6f03Dh9GibKvBjp3P09kUOk9SQKTGcEONTLtZn5X62bYXjj5yJOM+QxWywKM0kxobMYaF8ozlBODABTwtxK2RAUMDRhlU0I7vKXV6F1WXMNP15V6rdFHCVySs5IlbjkmtTJA2mQJmFkTJ7JK3mzcuvFerc+Fq1rVjFzQv7I+vwBFneSow==</latexit><latexit sha1_base64="uLDAokR9hcV10Np31W7WUq5EmJo=">AAAB+XicbZDLSsNAFIYnXmu9RV26GSxC3ZREBF0WdeGygr1AE8rJdNIOnVyYOSmU0Ddx40IRt76JO9/GaZuFtv4w8PGfczhn/iCVQqPjfFtr6xubW9ulnfLu3v7BoX103NJJphhvskQmqhOA5lLEvIkCJe+kikMUSN4ORnezenvMlRZJ/ISTlPsRDGIRCgZorJ5te/dcIlBvCEixihc9u+LUnLnoKrgFVEihRs/+8voJyyIeI5Ogddd1UvRzUCiY5NOyl2meAhvBgHcNxhBx7efzy6f03Dh9GibKvBjp3P09kUOk9SQKTGcEONTLtZn5X62bYXjj5yJOM+QxWywKM0kxobMYaF8ozlBODABTwtxK2RAUMDRhlU0I7vKXV6F1WXMNP15V6rdFHCVySs5IlbjkmtTJA2mQJmFkTJ7JK3mzcuvFerc+Fq1rVjFzQv7I+vwBFneSow==</latexit><latexit sha1_base64="uLDAokR9hcV10Np31W7WUq5EmJo=">AAAB+XicbZDLSsNAFIYnXmu9RV26GSxC3ZREBF0WdeGygr1AE8rJdNIOnVyYOSmU0Ddx40IRt76JO9/GaZuFtv4w8PGfczhn/iCVQqPjfFtr6xubW9ulnfLu3v7BoX103NJJphhvskQmqhOA5lLEvIkCJe+kikMUSN4ORnezenvMlRZJ/ISTlPsRDGIRCgZorJ5te/dcIlBvCEixihc9u+LUnLnoKrgFVEihRs/+8voJyyIeI5Ogddd1UvRzUCiY5NOyl2meAhvBgHcNxhBx7efzy6f03Dh9GibKvBjp3P09kUOk9SQKTGcEONTLtZn5X62bYXjj5yJOM+QxWywKM0kxobMYaF8ozlBODABTwtxK2RAUMDRhlU0I7vKXV6F1WXMNP15V6rdFHCVySs5IlbjkmtTJA2mQJmFkTJ7JK3mzcuvFerc+Fq1rVjFzQv7I+vwBFneSow==</latexit><latexit sha1_base64="uLDAokR9hcV10Np31W7WUq5EmJo=">AAAB+XicbZDLSsNAFIYnXmu9RV26GSxC3ZREBF0WdeGygr1AE8rJdNIOnVyYOSmU0Ddx40IRt76JO9/GaZuFtv4w8PGfczhn/iCVQqPjfFtr6xubW9ulnfLu3v7BoX103NJJphhvskQmqhOA5lLEvIkCJe+kikMUSN4ORnezenvMlRZJ/ISTlPsRDGIRCgZorJ5te/dcIlBvCEixihc9u+LUnLnoKrgFVEihRs/+8voJyyIeI5Ogddd1UvRzUCiY5NOyl2meAhvBgHcNxhBx7efzy6f03Dh9GibKvBjp3P09kUOk9SQKTGcEONTLtZn5X62bYXjj5yJOM+QxWywKM0kxobMYaF8ozlBODABTwtxK2RAUMDRhlU0I7vKXV6F1WXMNP15V6rdFHCVySs5IlbjkmtTJA2mQJmFkTJ7JK3mzcuvFerc+Fq1rVjFzQv7I+vwBFneSow==</latexit>

��
<latexit sha1_base64="liRmnKuJU2lyMM1KXwJLc3TlxR4=">AAAB9HicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY1IPHCvYDmlAm2027dLOJu5NCKf0dXjwo4tUf481/47bNQVtfWHh4Z4aZfcNUCoOu++0U1tY3NreK26Wd3b39g/LhUdMkmWa8wRKZ6HYIhkuheAMFSt5ONYc4lLwVDm9n9daIayMS9YjjlAcx9JWIBAO0VuDfcYlAfZDpALrlilt156Kr4OVQIbnq3fKX30tYFnOFTIIxHc9NMZiARsEkn5b8zPAU2BD6vGNRQcxNMJkfPaVn1unRKNH2KaRz9/fEBGJjxnFoO2PAgVmuzcz/ap0Mo+tgIlSaIVdssSjKJMWEzhKgPaE5Qzm2AEwLeytlA9DA0OZUsiF4y19eheZF1bP8cFmp3eRxFMkJOSXnxCNXpEbuSZ00CCNP5Jm8kjdn5Lw4787HorXg5DPH5I+czx9HE5HE</latexit><latexit sha1_base64="liRmnKuJU2lyMM1KXwJLc3TlxR4=">AAAB9HicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY1IPHCvYDmlAm2027dLOJu5NCKf0dXjwo4tUf481/47bNQVtfWHh4Z4aZfcNUCoOu++0U1tY3NreK26Wd3b39g/LhUdMkmWa8wRKZ6HYIhkuheAMFSt5ONYc4lLwVDm9n9daIayMS9YjjlAcx9JWIBAO0VuDfcYlAfZDpALrlilt156Kr4OVQIbnq3fKX30tYFnOFTIIxHc9NMZiARsEkn5b8zPAU2BD6vGNRQcxNMJkfPaVn1unRKNH2KaRz9/fEBGJjxnFoO2PAgVmuzcz/ap0Mo+tgIlSaIVdssSjKJMWEzhKgPaE5Qzm2AEwLeytlA9DA0OZUsiF4y19eheZF1bP8cFmp3eRxFMkJOSXnxCNXpEbuSZ00CCNP5Jm8kjdn5Lw4787HorXg5DPH5I+czx9HE5HE</latexit><latexit sha1_base64="liRmnKuJU2lyMM1KXwJLc3TlxR4=">AAAB9HicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY1IPHCvYDmlAm2027dLOJu5NCKf0dXjwo4tUf481/47bNQVtfWHh4Z4aZfcNUCoOu++0U1tY3NreK26Wd3b39g/LhUdMkmWa8wRKZ6HYIhkuheAMFSt5ONYc4lLwVDm9n9daIayMS9YjjlAcx9JWIBAO0VuDfcYlAfZDpALrlilt156Kr4OVQIbnq3fKX30tYFnOFTIIxHc9NMZiARsEkn5b8zPAU2BD6vGNRQcxNMJkfPaVn1unRKNH2KaRz9/fEBGJjxnFoO2PAgVmuzcz/ap0Mo+tgIlSaIVdssSjKJMWEzhKgPaE5Qzm2AEwLeytlA9DA0OZUsiF4y19eheZF1bP8cFmp3eRxFMkJOSXnxCNXpEbuSZ00CCNP5Jm8kjdn5Lw4787HorXg5DPH5I+czx9HE5HE</latexit><latexit sha1_base64="liRmnKuJU2lyMM1KXwJLc3TlxR4=">AAAB9HicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY1IPHCvYDmlAm2027dLOJu5NCKf0dXjwo4tUf481/47bNQVtfWHh4Z4aZfcNUCoOu++0U1tY3NreK26Wd3b39g/LhUdMkmWa8wRKZ6HYIhkuheAMFSt5ONYc4lLwVDm9n9daIayMS9YjjlAcx9JWIBAO0VuDfcYlAfZDpALrlilt156Kr4OVQIbnq3fKX30tYFnOFTIIxHc9NMZiARsEkn5b8zPAU2BD6vGNRQcxNMJkfPaVn1unRKNH2KaRz9/fEBGJjxnFoO2PAgVmuzcz/ap0Mo+tgIlSaIVdssSjKJMWEzhKgPaE5Qzm2AEwLeytlA9DA0OZUsiF4y19eheZF1bP8cFmp3eRxFMkJOSXnxCNXpEbuSZ00CCNP5Jm8kjdn5Lw4787HorXg5DPH5I+czx9HE5HE</latexit>

El ángulo �↵ entre ambos vectores corresponde al ángulo barrido por t̂(t) en un

tiempo �t. Luego, gracias a la discusión de la Sección 1.20, podemos escribir

�↵ = !t̂ �t+ O(�t
2). (1.160)

Por otro lado, la diferencia entre ambos vectores es �t̂(t) = t̂(t + �t) � t̂(t). Si

expandimos t̂(t+�t) en serie de Taylor, vemos que

�t̂(t) =
dt̂

dt
�t+ O(�t

2), (1.161)

= n̂!t̂ �t+ O(�t
2), (1.162)

de donde sigue que n̂ y �t̂ son paralelos, salvo por una pequeña corrección de orden

O(�t
2) que podemos desestimar. Volvamos a observar la trayectoria de la part́ıcula,

e incluyamos al vector n̂ y el ángulo barrido �↵:
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P
<latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit>

t̂(t)
<latexit sha1_base64="7MfW9VDW3Whib9y2Z8G4tpnXKgk=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFeyHtKFstpt26W4SdidCCf0VXjwo4tWf481/47bNQVtfWHh4Z4adeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605ADZci4k0UKHkn0ZyqQPJ2ML6d1dtPXBsRRw84Sbiv6DASoWAUrfXYG1EkWMXzfrni1ty5yCp4OVQgV6Nf/uoNYpYqHiGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrsWIKm78bL7wlJxZZ0DCWNsXIZm7vycyqoyZqMB2Koojs1ybmf/VuimG134moiRFHrHFR2EqCcZkdj0ZCM0ZyokFyrSwuxI2opoytBmVbAje8smr0LqoeZbvLyv1mzyOIpzAKVTBgyuowx00oAkMFDzDK7w52nlx3p2PRWvByWeO4Y+czx/bqI/G</latexit><latexit sha1_base64="7MfW9VDW3Whib9y2Z8G4tpnXKgk=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFeyHtKFstpt26W4SdidCCf0VXjwo4tWf481/47bNQVtfWHh4Z4adeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605ADZci4k0UKHkn0ZyqQPJ2ML6d1dtPXBsRRw84Sbiv6DASoWAUrfXYG1EkWMXzfrni1ty5yCp4OVQgV6Nf/uoNYpYqHiGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrsWIKm78bL7wlJxZZ0DCWNsXIZm7vycyqoyZqMB2Koojs1ybmf/VuimG134moiRFHrHFR2EqCcZkdj0ZCM0ZyokFyrSwuxI2opoytBmVbAje8smr0LqoeZbvLyv1mzyOIpzAKVTBgyuowx00oAkMFDzDK7w52nlx3p2PRWvByWeO4Y+czx/bqI/G</latexit><latexit sha1_base64="7MfW9VDW3Whib9y2Z8G4tpnXKgk=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFeyHtKFstpt26W4SdidCCf0VXjwo4tWf481/47bNQVtfWHh4Z4adeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605ADZci4k0UKHkn0ZyqQPJ2ML6d1dtPXBsRRw84Sbiv6DASoWAUrfXYG1EkWMXzfrni1ty5yCp4OVQgV6Nf/uoNYpYqHiGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrsWIKm78bL7wlJxZZ0DCWNsXIZm7vycyqoyZqMB2Koojs1ybmf/VuimG134moiRFHrHFR2EqCcZkdj0ZCM0ZyokFyrSwuxI2opoytBmVbAje8smr0LqoeZbvLyv1mzyOIpzAKVTBgyuowx00oAkMFDzDK7w52nlx3p2PRWvByWeO4Y+czx/bqI/G</latexit><latexit sha1_base64="7MfW9VDW3Whib9y2Z8G4tpnXKgk=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFeyHtKFstpt26W4SdidCCf0VXjwo4tWf481/47bNQVtfWHh4Z4adeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605ADZci4k0UKHkn0ZyqQPJ2ML6d1dtPXBsRRw84Sbiv6DASoWAUrfXYG1EkWMXzfrni1ty5yCp4OVQgV6Nf/uoNYpYqHiGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrsWIKm78bL7wlJxZZ0DCWNsXIZm7vycyqoyZqMB2Koojs1ybmf/VuimG134moiRFHrHFR2EqCcZkdj0ZCM0ZyokFyrSwuxI2opoytBmVbAje8smr0LqoeZbvLyv1mzyOIpzAKVTBgyuowx00oAkMFDzDK7w52nlx3p2PRWvByWeO4Y+czx/bqI/G</latexit>

t̂(t + �t)
<latexit sha1_base64="qMQn1jtvxE9XmuDEXfvsZLeWl2g=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaLUBFKIoIui7pwWcFeoAllMp20QyeTMHMi1FB8FTcuFHHre7jzbZy2WWjrDwMf/zmHc+YPEsE1OM63VVhaXlldK66XNja3tnfs3b2mjlNFWYPGIlbtgGgmuGQN4CBYO1GMRIFgrWB4Pam3HpjSPJb3MEqYH5G+5CGnBIzVtQ+8AQEMFcCn2LthAgiGk65ddqrOVHgR3BzKKFe9a395vZimEZNABdG64zoJ+BlRwKlg45KXapYQOiR91jEoScS0n02vH+Nj4/RwGCvzJOCp+3siI5HWoygwnRGBgZ6vTcz/ap0Uwks/4zJJgUk6WxSmAkOMJ1HgHleMghgZIFRxcyumA6IIBRNYyYTgzn95EZpnVdfw3Xm5dpXHUUSH6AhVkIsuUA3dojpqIIoe0TN6RW/Wk/VivVsfs9aClc/soz+yPn8AD5yTqg==</latexit><latexit sha1_base64="qMQn1jtvxE9XmuDEXfvsZLeWl2g=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaLUBFKIoIui7pwWcFeoAllMp20QyeTMHMi1FB8FTcuFHHre7jzbZy2WWjrDwMf/zmHc+YPEsE1OM63VVhaXlldK66XNja3tnfs3b2mjlNFWYPGIlbtgGgmuGQN4CBYO1GMRIFgrWB4Pam3HpjSPJb3MEqYH5G+5CGnBIzVtQ+8AQEMFcCn2LthAgiGk65ddqrOVHgR3BzKKFe9a395vZimEZNABdG64zoJ+BlRwKlg45KXapYQOiR91jEoScS0n02vH+Nj4/RwGCvzJOCp+3siI5HWoygwnRGBgZ6vTcz/ap0Uwks/4zJJgUk6WxSmAkOMJ1HgHleMghgZIFRxcyumA6IIBRNYyYTgzn95EZpnVdfw3Xm5dpXHUUSH6AhVkIsuUA3dojpqIIoe0TN6RW/Wk/VivVsfs9aClc/soz+yPn8AD5yTqg==</latexit><latexit sha1_base64="qMQn1jtvxE9XmuDEXfvsZLeWl2g=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaLUBFKIoIui7pwWcFeoAllMp20QyeTMHMi1FB8FTcuFHHre7jzbZy2WWjrDwMf/zmHc+YPEsE1OM63VVhaXlldK66XNja3tnfs3b2mjlNFWYPGIlbtgGgmuGQN4CBYO1GMRIFgrWB4Pam3HpjSPJb3MEqYH5G+5CGnBIzVtQ+8AQEMFcCn2LthAgiGk65ddqrOVHgR3BzKKFe9a395vZimEZNABdG64zoJ+BlRwKlg45KXapYQOiR91jEoScS0n02vH+Nj4/RwGCvzJOCp+3siI5HWoygwnRGBgZ6vTcz/ap0Uwks/4zJJgUk6WxSmAkOMJ1HgHleMghgZIFRxcyumA6IIBRNYyYTgzn95EZpnVdfw3Xm5dpXHUUSH6AhVkIsuUA3dojpqIIoe0TN6RW/Wk/VivVsfs9aClc/soz+yPn8AD5yTqg==</latexit><latexit sha1_base64="qMQn1jtvxE9XmuDEXfvsZLeWl2g=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaLUBFKIoIui7pwWcFeoAllMp20QyeTMHMi1FB8FTcuFHHre7jzbZy2WWjrDwMf/zmHc+YPEsE1OM63VVhaXlldK66XNja3tnfs3b2mjlNFWYPGIlbtgGgmuGQN4CBYO1GMRIFgrWB4Pam3HpjSPJb3MEqYH5G+5CGnBIzVtQ+8AQEMFcCn2LthAgiGk65ddqrOVHgR3BzKKFe9a395vZimEZNABdG64zoJ+BlRwKlg45KXapYQOiR91jEoScS0n02vH+Nj4/RwGCvzJOCp+3siI5HWoygwnRGBgZ6vTcz/ap0Uwks/4zJJgUk6WxSmAkOMJ1HgHleMghgZIFRxcyumA6IIBRNYyYTgzn95EZpnVdfw3Xm5dpXHUUSH6AhVkIsuUA3dojpqIIoe0TN6RW/Wk/VivVsfs9aClc/soz+yPn8AD5yTqg==</latexit>

P �
<latexit sha1_base64="0C2EVdwBQIhpfJ/GKBU8ej38PmY=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF9FQSKeix6MVjFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH80kQT+iQ8lDzqix1kPjvF+uuFV3LrIKXg4VyNXol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz+abTsmZdQYkjJV90pC5+3sio5HWkyiwnRE1I71cm5n/1bqpCa/9jMskNSjZ4qMwFcTEZHY2GXCFzIiJBcoUt7sSNqKKMmPDKdkQvOWTV6F1WfUs39cq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+yPn8AQn6jQU=</latexit><latexit sha1_base64="0C2EVdwBQIhpfJ/GKBU8ej38PmY=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF9FQSKeix6MVjFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH80kQT+iQ8lDzqix1kPjvF+uuFV3LrIKXg4VyNXol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz+abTsmZdQYkjJV90pC5+3sio5HWkyiwnRE1I71cm5n/1bqpCa/9jMskNSjZ4qMwFcTEZHY2GXCFzIiJBcoUt7sSNqKKMmPDKdkQvOWTV6F1WfUs39cq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+yPn8AQn6jQU=</latexit><latexit sha1_base64="0C2EVdwBQIhpfJ/GKBU8ej38PmY=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF9FQSKeix6MVjFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH80kQT+iQ8lDzqix1kPjvF+uuFV3LrIKXg4VyNXol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz+abTsmZdQYkjJV90pC5+3sio5HWkyiwnRE1I71cm5n/1bqpCa/9jMskNSjZ4qMwFcTEZHY2GXCFzIiJBcoUt7sSNqKKMmPDKdkQvOWTV6F1WfUs39cq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+yPn8AQn6jQU=</latexit><latexit sha1_base64="0C2EVdwBQIhpfJ/GKBU8ej38PmY=">AAAB6XicbZBNS8NAEIYn9avWr6pHL4tF9FQSKeix6MVjFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5CpXksH80kQT+iQ8lDzqix1kPjvF+uuFV3LrIKXg4VyNXol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LUoaYTaz+abTsmZdQYkjJV90pC5+3sio5HWkyiwnRE1I71cm5n/1bqpCa/9jMskNSjZ4qMwFcTEZHY2GXCFzIiJBcoUt7sSNqKKMmPDKdkQvOWTV6F1WfUs39cq9Zs8jiKcwClcgAdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+yPn8AQn6jQU=</latexit>

n̂(t)
<latexit sha1_base64="MJSYnQyQjiuavFEB/3tnzpwN/ao=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFewHtqFstpt26WYTdidCCf0XXjwo4tV/481/47bNQVtfWHh4Z4adeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6d1dtPXBsRqwecJNyP6FCJUDCK1nrsjSgSRap43i9X3Jo7F1kFL4cK5Gr0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rWoaMSNn803npIz6wxIGGv7FJK5+3sio5ExkyiwnRHFkVmuzcz/at0Uw2s/EypJkSu2+ChMJcGYzM4nA6E5QzmxQJkWdlfCRlRThjakkg3BWz55FVoXNc/y/WWlfpPHUYQTOIUqeHAFdbiDBjSBgYJneIU3xzgvzrvzsWgtOPnMMfyR8/kDKoiP6g==</latexit><latexit sha1_base64="MJSYnQyQjiuavFEB/3tnzpwN/ao=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFewHtqFstpt26WYTdidCCf0XXjwo4tV/481/47bNQVtfWHh4Z4adeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6d1dtPXBsRqwecJNyP6FCJUDCK1nrsjSgSRap43i9X3Jo7F1kFL4cK5Gr0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rWoaMSNn803npIz6wxIGGv7FJK5+3sio5ExkyiwnRHFkVmuzcz/at0Uw2s/EypJkSu2+ChMJcGYzM4nA6E5QzmxQJkWdlfCRlRThjakkg3BWz55FVoXNc/y/WWlfpPHUYQTOIUqeHAFdbiDBjSBgYJneIU3xzgvzrvzsWgtOPnMMfyR8/kDKoiP6g==</latexit><latexit sha1_base64="MJSYnQyQjiuavFEB/3tnzpwN/ao=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFewHtqFstpt26WYTdidCCf0XXjwo4tV/481/47bNQVtfWHh4Z4adeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6d1dtPXBsRqwecJNyP6FCJUDCK1nrsjSgSRap43i9X3Jo7F1kFL4cK5Gr0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rWoaMSNn803npIz6wxIGGv7FJK5+3sio5ExkyiwnRHFkVmuzcz/at0Uw2s/EypJkSu2+ChMJcGYzM4nA6E5QzmxQJkWdlfCRlRThjakkg3BWz55FVoXNc/y/WWlfpPHUYQTOIUqeHAFdbiDBjSBgYJneIU3xzgvzrvzsWgtOPnMMfyR8/kDKoiP6g==</latexit><latexit sha1_base64="MJSYnQyQjiuavFEB/3tnzpwN/ao=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFewHtqFstpt26WYTdidCCf0XXjwo4tV/481/47bNQVtfWHh4Z4adeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6d1dtPXBsRqwecJNyP6FCJUDCK1nrsjSgSRap43i9X3Jo7F1kFL4cK5Gr0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rWoaMSNn803npIz6wxIGGv7FJK5+3sio5ExkyiwnRHFkVmuzcz/at0Uw2s/EypJkSu2+ChMJcGYzM4nA6E5QzmxQJkWdlfCRlRThjakkg3BWz55FVoXNc/y/WWlfpPHUYQTOIUqeHAFdbiDBjSBgYJneIU3xzgvzrvzsWgtOPnMMfyR8/kDKoiP6g==</latexit>

�c
<latexit sha1_base64="IfjyI4A6yNUGeRcg0uNZcvpLibg=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02kbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY1KNcMGU0LpdkQNCi6xYbkV2E400jgS2IrGt7N66wm14Uo+2EmCYUyHkg84o9ZZza4eqR7rlSt+1Z+LrEKQQwVy1Xvlr25fsTRGaZmgxnQCP7FhRrXlTOC01E0NJpSN6RA7DiWN0YTZfNspOXNOnwyUdk9aMnd/T2Q0NmYSR64zpnZklmsz879aJ7WD6zDjMkktSrb4aJAKYhWZnU76XCOzYuKAMs3droSNqKbMuoBKLoRg+eRVaF5UA8f3l5XaTR5HEU7gFM4hgCuowR3UoQEMHuEZXuHNU96L9+59LFoLXj5zDH/kff4Ak0SPHQ==</latexit><latexit sha1_base64="IfjyI4A6yNUGeRcg0uNZcvpLibg=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02kbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY1KNcMGU0LpdkQNCi6xYbkV2E400jgS2IrGt7N66wm14Uo+2EmCYUyHkg84o9ZZza4eqR7rlSt+1Z+LrEKQQwVy1Xvlr25fsTRGaZmgxnQCP7FhRrXlTOC01E0NJpSN6RA7DiWN0YTZfNspOXNOnwyUdk9aMnd/T2Q0NmYSR64zpnZklmsz879aJ7WD6zDjMkktSrb4aJAKYhWZnU76XCOzYuKAMs3droSNqKbMuoBKLoRg+eRVaF5UA8f3l5XaTR5HEU7gFM4hgCuowR3UoQEMHuEZXuHNU96L9+59LFoLXj5zDH/kff4Ak0SPHQ==</latexit><latexit sha1_base64="IfjyI4A6yNUGeRcg0uNZcvpLibg=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02kbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY1KNcMGU0LpdkQNCi6xYbkV2E400jgS2IrGt7N66wm14Uo+2EmCYUyHkg84o9ZZza4eqR7rlSt+1Z+LrEKQQwVy1Xvlr25fsTRGaZmgxnQCP7FhRrXlTOC01E0NJpSN6RA7DiWN0YTZfNspOXNOnwyUdk9aMnd/T2Q0NmYSR64zpnZklmsz879aJ7WD6zDjMkktSrb4aJAKYhWZnU76XCOzYuKAMs3droSNqKbMuoBKLoRg+eRVaF5UA8f3l5XaTR5HEU7gFM4hgCuowR3UoQEMHuEZXuHNU96L9+59LFoLXj5zDH/kff4Ak0SPHQ==</latexit><latexit sha1_base64="IfjyI4A6yNUGeRcg0uNZcvpLibg=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02kbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY1KNcMGU0LpdkQNCi6xYbkV2E400jgS2IrGt7N66wm14Uo+2EmCYUyHkg84o9ZZza4eqR7rlSt+1Z+LrEKQQwVy1Xvlr25fsTRGaZmgxnQCP7FhRrXlTOC01E0NJpSN6RA7DiWN0YTZfNspOXNOnwyUdk9aMnd/T2Q0NmYSR64zpnZklmsz879aJ7WD6zDjMkktSrb4aJAKYhWZnU76XCOzYuKAMs3droSNqKbMuoBKLoRg+eRVaF5UA8f3l5XaTR5HEU7gFM4hgCuowR3UoQEMHuEZXuHNU96L9+59LFoLXj5zDH/kff4Ak0SPHQ==</latexit>

��
<latexit sha1_base64="liRmnKuJU2lyMM1KXwJLc3TlxR4=">AAAB9HicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY1IPHCvYDmlAm2027dLOJu5NCKf0dXjwo4tUf481/47bNQVtfWHh4Z4aZfcNUCoOu++0U1tY3NreK26Wd3b39g/LhUdMkmWa8wRKZ6HYIhkuheAMFSt5ONYc4lLwVDm9n9daIayMS9YjjlAcx9JWIBAO0VuDfcYlAfZDpALrlilt156Kr4OVQIbnq3fKX30tYFnOFTIIxHc9NMZiARsEkn5b8zPAU2BD6vGNRQcxNMJkfPaVn1unRKNH2KaRz9/fEBGJjxnFoO2PAgVmuzcz/ap0Mo+tgIlSaIVdssSjKJMWEzhKgPaE5Qzm2AEwLeytlA9DA0OZUsiF4y19eheZF1bP8cFmp3eRxFMkJOSXnxCNXpEbuSZ00CCNP5Jm8kjdn5Lw4787HorXg5DPH5I+czx9HE5HE</latexit><latexit sha1_base64="liRmnKuJU2lyMM1KXwJLc3TlxR4=">AAAB9HicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY1IPHCvYDmlAm2027dLOJu5NCKf0dXjwo4tUf481/47bNQVtfWHh4Z4aZfcNUCoOu++0U1tY3NreK26Wd3b39g/LhUdMkmWa8wRKZ6HYIhkuheAMFSt5ONYc4lLwVDm9n9daIayMS9YjjlAcx9JWIBAO0VuDfcYlAfZDpALrlilt156Kr4OVQIbnq3fKX30tYFnOFTIIxHc9NMZiARsEkn5b8zPAU2BD6vGNRQcxNMJkfPaVn1unRKNH2KaRz9/fEBGJjxnFoO2PAgVmuzcz/ap0Mo+tgIlSaIVdssSjKJMWEzhKgPaE5Qzm2AEwLeytlA9DA0OZUsiF4y19eheZF1bP8cFmp3eRxFMkJOSXnxCNXpEbuSZ00CCNP5Jm8kjdn5Lw4787HorXg5DPH5I+czx9HE5HE</latexit><latexit sha1_base64="liRmnKuJU2lyMM1KXwJLc3TlxR4=">AAAB9HicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY1IPHCvYDmlAm2027dLOJu5NCKf0dXjwo4tUf481/47bNQVtfWHh4Z4aZfcNUCoOu++0U1tY3NreK26Wd3b39g/LhUdMkmWa8wRKZ6HYIhkuheAMFSt5ONYc4lLwVDm9n9daIayMS9YjjlAcx9JWIBAO0VuDfcYlAfZDpALrlilt156Kr4OVQIbnq3fKX30tYFnOFTIIxHc9NMZiARsEkn5b8zPAU2BD6vGNRQcxNMJkfPaVn1unRKNH2KaRz9/fEBGJjxnFoO2PAgVmuzcz/ap0Mo+tgIlSaIVdssSjKJMWEzhKgPaE5Qzm2AEwLeytlA9DA0OZUsiF4y19eheZF1bP8cFmp3eRxFMkJOSXnxCNXpEbuSZ00CCNP5Jm8kjdn5Lw4787HorXg5DPH5I+czx9HE5HE</latexit><latexit sha1_base64="liRmnKuJU2lyMM1KXwJLc3TlxR4=">AAAB9HicbZBNS8NAEIY39avWr6pHL4tF8FQSEfRY1IPHCvYDmlAm2027dLOJu5NCKf0dXjwo4tUf481/47bNQVtfWHh4Z4aZfcNUCoOu++0U1tY3NreK26Wd3b39g/LhUdMkmWa8wRKZ6HYIhkuheAMFSt5ONYc4lLwVDm9n9daIayMS9YjjlAcx9JWIBAO0VuDfcYlAfZDpALrlilt156Kr4OVQIbnq3fKX30tYFnOFTIIxHc9NMZiARsEkn5b8zPAU2BD6vGNRQcxNMJkfPaVn1unRKNH2KaRz9/fEBGJjxnFoO2PAgVmuzcz/ap0Mo+tgIlSaIVdssSjKJMWEzhKgPaE5Qzm2AEwLeytlA9DA0OZUsiF4y19eheZF1bP8cFmp3eRxFMkJOSXnxCNXpEbuSZ00CCNP5Jm8kjdn5Lw4787HorXg5DPH5I+czx9HE5HE</latexit>

C
<latexit sha1_base64="MwMFi9pdbgnVYUA8HL+ZaZK8fgA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY7MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk/q83nlCpXksH8w0QT+iI8lDzqixVrM+KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEt37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15XaXR5HEc7gHC7BgxuowT00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AleeMxw==</latexit><latexit sha1_base64="MwMFi9pdbgnVYUA8HL+ZaZK8fgA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY7MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk/q83nlCpXksH8w0QT+iI8lDzqixVrM+KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEt37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15XaXR5HEc7gHC7BgxuowT00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AleeMxw==</latexit><latexit sha1_base64="MwMFi9pdbgnVYUA8HL+ZaZK8fgA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY7MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk/q83nlCpXksH8w0QT+iI8lDzqixVrM+KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEt37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15XaXR5HEc7gHC7BgxuowT00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AleeMxw==</latexit><latexit sha1_base64="MwMFi9pdbgnVYUA8HL+ZaZK8fgA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY7MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk/q83nlCpXksH8w0QT+iI8lDzqixVrM+KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEt37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15XaXR5HEc7gHC7BgxuowT00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AleeMxw==</latexit>

Si extendemos una recta a lo largo de n̂, esta recta eventualmente cruzará al plano

perpendicular al vector t̂(t +�t), en el punto C. El ángulo entre el plano y la recta

será �↵. Además, habrá una distancia ⇢c entre C y P . De la figura, es posible

apreciar que

�↵ =
k�r(t)k

⇢c
(1.163)

donde k�r(t)k es la distancia entre P y P
0. Con ayuda de los resultados de la

sección 1.18, otra forma de escribir esto es

�↵ =
k�r(t)k

�t

�t

⇢c
, (1.164)

= ⌫
�t

⇢c
+ O(�t

2) (1.165)

Luego, tomando el ĺımite �t ! 0, vemos que

⇢c =
⌫

!t̂

. (1.166)

La cantidad ⇢c se llama radio de curvatura, y denota el radio de la circunferencia,

con centro C, alrededor de la cual la part́ıcula gira en el instante t (ver figura a

continuación):
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P
<latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit><latexit sha1_base64="DUK8772RZQVXwIeQPAGNJiA+GCA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUL9gFtkMn0ph07mYSZiVBCv8CNC0Xc+knu/BsnbRbaemDgcM65zL0nSATXxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WBym/vdJ1Sax/LeTBP0IzqSPOSMGiu1mg/Vmlt35yCrxCtIDQrY/NdgGLM0QmmYoFr3PTcxfkaV4UzgrDJINSaUTegI+5ZKGqH2s/miM3JmlSEJY2WfNGSu/p7IaKT1NApsMqJmrJe9XPzP66cmvPYzLpPUoGSLj8JUEBOT/Goy5AqZEVNLKFPc7krYmCrKjO2mYkvwlk9eJZ2Lumd567LWuCnqKMMJnMI5eHAFDbiDJrSBAcIzvMKb8+i8OO/OxyJacoqZY/gD5/MHqZuM1A==</latexit>

t̂(t)
<latexit sha1_base64="7MfW9VDW3Whib9y2Z8G4tpnXKgk=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFeyHtKFstpt26W4SdidCCf0VXjwo4tWf481/47bNQVtfWHh4Z4adeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605ADZci4k0UKHkn0ZyqQPJ2ML6d1dtPXBsRRw84Sbiv6DASoWAUrfXYG1EkWMXzfrni1ty5yCp4OVQgV6Nf/uoNYpYqHiGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrsWIKm78bL7wlJxZZ0DCWNsXIZm7vycyqoyZqMB2Koojs1ybmf/VuimG134moiRFHrHFR2EqCcZkdj0ZCM0ZyokFyrSwuxI2opoytBmVbAje8smr0LqoeZbvLyv1mzyOIpzAKVTBgyuowx00oAkMFDzDK7w52nlx3p2PRWvByWeO4Y+czx/bqI/G</latexit><latexit sha1_base64="7MfW9VDW3Whib9y2Z8G4tpnXKgk=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFeyHtKFstpt26W4SdidCCf0VXjwo4tWf481/47bNQVtfWHh4Z4adeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605ADZci4k0UKHkn0ZyqQPJ2ML6d1dtPXBsRRw84Sbiv6DASoWAUrfXYG1EkWMXzfrni1ty5yCp4OVQgV6Nf/uoNYpYqHiGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrsWIKm78bL7wlJxZZ0DCWNsXIZm7vycyqoyZqMB2Koojs1ybmf/VuimG134moiRFHrHFR2EqCcZkdj0ZCM0ZyokFyrSwuxI2opoytBmVbAje8smr0LqoeZbvLyv1mzyOIpzAKVTBgyuowx00oAkMFDzDK7w52nlx3p2PRWvByWeO4Y+czx/bqI/G</latexit><latexit sha1_base64="7MfW9VDW3Whib9y2Z8G4tpnXKgk=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFeyHtKFstpt26W4SdidCCf0VXjwo4tWf481/47bNQVtfWHh4Z4adeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605ADZci4k0UKHkn0ZyqQPJ2ML6d1dtPXBsRRw84Sbiv6DASoWAUrfXYG1EkWMXzfrni1ty5yCp4OVQgV6Nf/uoNYpYqHiGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrsWIKm78bL7wlJxZZ0DCWNsXIZm7vycyqoyZqMB2Koojs1ybmf/VuimG134moiRFHrHFR2EqCcZkdj0ZCM0ZyokFyrSwuxI2opoytBmVbAje8smr0LqoeZbvLyv1mzyOIpzAKVTBgyuowx00oAkMFDzDK7w52nlx3p2PRWvByWeO4Y+czx/bqI/G</latexit><latexit sha1_base64="7MfW9VDW3Whib9y2Z8G4tpnXKgk=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFeyHtKFstpt26W4SdidCCf0VXjwo4tWf481/47bNQVtfWHh4Z4adeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605ADZci4k0UKHkn0ZyqQPJ2ML6d1dtPXBsRRw84Sbiv6DASoWAUrfXYG1EkWMXzfrni1ty5yCp4OVQgV6Nf/uoNYpYqHiGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrsWIKm78bL7wlJxZZ0DCWNsXIZm7vycyqoyZqMB2Koojs1ybmf/VuimG134moiRFHrHFR2EqCcZkdj0ZCM0ZyokFyrSwuxI2opoytBmVbAje8smr0LqoeZbvLyv1mzyOIpzAKVTBgyuowx00oAkMFDzDK7w52nlx3p2PRWvByWeO4Y+czx/bqI/G</latexit>

n̂(t)
<latexit sha1_base64="MJSYnQyQjiuavFEB/3tnzpwN/ao=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFewHtqFstpt26WYTdidCCf0XXjwo4tV/481/47bNQVtfWHh4Z4adeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6d1dtPXBsRqwecJNyP6FCJUDCK1nrsjSgSRap43i9X3Jo7F1kFL4cK5Gr0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rWoaMSNn803npIz6wxIGGv7FJK5+3sio5ExkyiwnRHFkVmuzcz/at0Uw2s/EypJkSu2+ChMJcGYzM4nA6E5QzmxQJkWdlfCRlRThjakkg3BWz55FVoXNc/y/WWlfpPHUYQTOIUqeHAFdbiDBjSBgYJneIU3xzgvzrvzsWgtOPnMMfyR8/kDKoiP6g==</latexit><latexit sha1_base64="MJSYnQyQjiuavFEB/3tnzpwN/ao=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFewHtqFstpt26WYTdidCCf0XXjwo4tV/481/47bNQVtfWHh4Z4adeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6d1dtPXBsRqwecJNyP6FCJUDCK1nrsjSgSRap43i9X3Jo7F1kFL4cK5Gr0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rWoaMSNn803npIz6wxIGGv7FJK5+3sio5ExkyiwnRHFkVmuzcz/at0Uw2s/EypJkSu2+ChMJcGYzM4nA6E5QzmxQJkWdlfCRlRThjakkg3BWz55FVoXNc/y/WWlfpPHUYQTOIUqeHAFdbiDBjSBgYJneIU3xzgvzrvzsWgtOPnMMfyR8/kDKoiP6g==</latexit><latexit sha1_base64="MJSYnQyQjiuavFEB/3tnzpwN/ao=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFewHtqFstpt26WYTdidCCf0XXjwo4tV/481/47bNQVtfWHh4Z4adeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6d1dtPXBsRqwecJNyP6FCJUDCK1nrsjSgSRap43i9X3Jo7F1kFL4cK5Gr0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rWoaMSNn803npIz6wxIGGv7FJK5+3sio5ExkyiwnRHFkVmuzcz/at0Uw2s/EypJkSu2+ChMJcGYzM4nA6E5QzmxQJkWdlfCRlRThjakkg3BWz55FVoXNc/y/WWlfpPHUYQTOIUqeHAFdbiDBjSBgYJneIU3xzgvzrvzsWgtOPnMMfyR8/kDKoiP6g==</latexit><latexit sha1_base64="MJSYnQyQjiuavFEB/3tnzpwN/ao=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFewHtqFstpt26WYTdidCCf0XXjwo4tV/481/47bNQVtfWHh4Z4adeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6d1dtPXBsRqwecJNyP6FCJUDCK1nrsjSgSRap43i9X3Jo7F1kFL4cK5Gr0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rWoaMSNn803npIz6wxIGGv7FJK5+3sio5ExkyiwnRHFkVmuzcz/at0Uw2s/EypJkSu2+ChMJcGYzM4nA6E5QzmxQJkWdlfCRlRThjakkg3BWz55FVoXNc/y/WWlfpPHUYQTOIUqeHAFdbiDBjSBgYJneIU3xzgvzrvzsWgtOPnMMfyR8/kDKoiP6g==</latexit>

�c
<latexit sha1_base64="IfjyI4A6yNUGeRcg0uNZcvpLibg=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02kbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY1KNcMGU0LpdkQNCi6xYbkV2E400jgS2IrGt7N66wm14Uo+2EmCYUyHkg84o9ZZza4eqR7rlSt+1Z+LrEKQQwVy1Xvlr25fsTRGaZmgxnQCP7FhRrXlTOC01E0NJpSN6RA7DiWN0YTZfNspOXNOnwyUdk9aMnd/T2Q0NmYSR64zpnZklmsz879aJ7WD6zDjMkktSrb4aJAKYhWZnU76XCOzYuKAMs3droSNqKbMuoBKLoRg+eRVaF5UA8f3l5XaTR5HEU7gFM4hgCuowR3UoQEMHuEZXuHNU96L9+59LFoLXj5zDH/kff4Ak0SPHQ==</latexit><latexit sha1_base64="IfjyI4A6yNUGeRcg0uNZcvpLibg=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02kbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY1KNcMGU0LpdkQNCi6xYbkV2E400jgS2IrGt7N66wm14Uo+2EmCYUyHkg84o9ZZza4eqR7rlSt+1Z+LrEKQQwVy1Xvlr25fsTRGaZmgxnQCP7FhRrXlTOC01E0NJpSN6RA7DiWN0YTZfNspOXNOnwyUdk9aMnd/T2Q0NmYSR64zpnZklmsz879aJ7WD6zDjMkktSrb4aJAKYhWZnU76XCOzYuKAMs3droSNqKbMuoBKLoRg+eRVaF5UA8f3l5XaTR5HEU7gFM4hgCuowR3UoQEMHuEZXuHNU96L9+59LFoLXj5zDH/kff4Ak0SPHQ==</latexit><latexit sha1_base64="IfjyI4A6yNUGeRcg0uNZcvpLibg=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02kbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY1KNcMGU0LpdkQNCi6xYbkV2E400jgS2IrGt7N66wm14Uo+2EmCYUyHkg84o9ZZza4eqR7rlSt+1Z+LrEKQQwVy1Xvlr25fsTRGaZmgxnQCP7FhRrXlTOC01E0NJpSN6RA7DiWN0YTZfNspOXNOnwyUdk9aMnd/T2Q0NmYSR64zpnZklmsz879aJ7WD6zDjMkktSrb4aJAKYhWZnU76XCOzYuKAMs3droSNqKbMuoBKLoRg+eRVaF5UA8f3l5XaTR5HEU7gFM4hgCuowR3UoQEMHuEZXuHNU96L9+59LFoLXj5zDH/kff4Ak0SPHQ==</latexit><latexit sha1_base64="IfjyI4A6yNUGeRcg0uNZcvpLibg=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk02kbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY1KNcMGU0LpdkQNCi6xYbkV2E400jgS2IrGt7N66wm14Uo+2EmCYUyHkg84o9ZZza4eqR7rlSt+1Z+LrEKQQwVy1Xvlr25fsTRGaZmgxnQCP7FhRrXlTOC01E0NJpSN6RA7DiWN0YTZfNspOXNOnwyUdk9aMnd/T2Q0NmYSR64zpnZklmsz879aJ7WD6zDjMkktSrb4aJAKYhWZnU76XCOzYuKAMs3droSNqKbMuoBKLoRg+eRVaF5UA8f3l5XaTR5HEU7gFM4hgCuowR3UoQEMHuEZXuHNU96L9+59LFoLXj5zDH/kff4Ak0SPHQ==</latexit>

C
<latexit sha1_base64="MwMFi9pdbgnVYUA8HL+ZaZK8fgA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY7MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk/q83nlCpXksH8w0QT+iI8lDzqixVrM+KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEt37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15XaXR5HEc7gHC7BgxuowT00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AleeMxw==</latexit><latexit sha1_base64="MwMFi9pdbgnVYUA8HL+ZaZK8fgA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY7MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk/q83nlCpXksH8w0QT+iI8lDzqixVrM+KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEt37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15XaXR5HEc7gHC7BgxuowT00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AleeMxw==</latexit><latexit sha1_base64="MwMFi9pdbgnVYUA8HL+ZaZK8fgA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY7MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk/q83nlCpXksH8w0QT+iI8lDzqixVrM+KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEt37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15XaXR5HEc7gHC7BgxuowT00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AleeMxw==</latexit><latexit sha1_base64="MwMFi9pdbgnVYUA8HL+ZaZK8fgA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY7MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk/q83nlCpXksH8w0QT+iI8lDzqixVrM+KFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEt37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15XaXR5HEc7gHC7BgxuowT00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AleeMxw==</latexit>

El radio y la posición del centro de dicha circunferencia cambian en la medida que la

part́ıcula avanza a lo largo de la trayectoria. Para concluir, volvamos a la expresión

para la aceleración. Utilizando (1.166) en (1.159), obtenemos

~a = ⌫̇ t̂+
⌫
2

⇢c
n̂. (1.167)

De esta forma, vemos que la aceleración se descompone a lo largo de t̂ y n̂. La

componente ⌫̇ se llama aceleración tangencial, mientras que la componente ⌫
2
/⇢c se

denomina aceleración centŕıpeta (puesto que apunta hacia el centro de giro de la

trayectoria de la part́ıcula en el instante t).
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