
Sampling	  (in	  +me):	  
from	  con+nuous	  to	  discrete	  +me	  

FIRST PART

<latexit sha1_base64="5KSh5TxVDzmSuP4K78q2sb/aR1Y="></latexit>



Sampling	  (“muestreo”)	  

•  “Current	  world”:	  digital	  informa+on	  
•  	  from	  con+nuous	  to	  discrete	  +me:	  sampling	  	  

Is	  defined	  this	  signal	  x[n]	  
between	  2	  and	  3?	  	  
NOOOOOOOOOO	  



Regular/Uniform	  Sampling	  	  

•  At	  each	  +me	  instant	  

•  	  Sampling	  Frequency	  	  

T

<latexit sha1_base64="EeSR9iKwJ8XGZ643PlyqybQdhaM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BLx4TyAuSJcxOepMxs7PLzKwQQr7AiwdFvPpJ3vwbJ8keNLGgoajqprsrSATXxnW/ndzG5tb2Tn63sLd/cHhUPD5p6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8P/fbT6g0j2XDTBL0IzqUPOSMGivVG/1iyS27C5B14mWkBBlq/eJXbxCzNEJpmKBadz03Mf6UKsOZwFmhl2pMKBvTIXYtlTRC7U8Xh87IhVUGJIyVLWnIQv09MaWR1pMosJ0RNSO96s3F/7xuasJbf8plkhqUbLkoTAUxMZl/TQZcITNiYgllittbCRtRRZmx2RRsCN7qy+ukdVX2KuXreqVUvcviyMMZnMMleHADVXiAGjSBAcIzvMKb8+i8OO/Ox7I152Qzp/AHzucPskGM4A==</latexit>

ws =
2⇡

T

<latexit sha1_base64="5qK3kceXBrPxSlobXaY5QRZfvP0=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlKRTdC0Y3LCn0ITQiT6aQdOnkwM1FLyK+4caGIW3/EnX/jtM1CWw9cOJxzL/fe4yecSWVZ30ZpbX1jc6u8XdnZ3ds/MA+rPRmngtAuiXks7n0sKWcR7SqmOL1PBMWhz2nfn9zM/P4DFZLFUUdNE+qGeBSxgBGstOSZ1UdPXjmBwCRrOAnLs07umTWrbs2BVoldkBoUaHvmlzOMSRrSSBGOpRzYVqLcDAvFCKd5xUklTTCZ4BEdaBrhkEo3m9+eo1OtDFEQC12RQnP190SGQymnoa87Q6zGctmbif95g1QFl27GoiRVNCKLRUHKkYrRLAg0ZIISxaeaYCKYvhWRMdZBKB1XRYdgL7+8SnqNut2sn981a63rIo4yHMMJnIENF9CCW2hDFwg8wTO8wpuRGy/Gu/GxaC0ZxcwR/IHx+QM1qZSQ</latexit>

T

<latexit sha1_base64="zSmDOOgWRdFhPKUxIujE+J+tWbg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolU9Fjw4rGFfkEbymY7adduNmF3I5TQX+DFgyJe/Une/Ddu2xy09cHA470ZZuYFieDauO63s7G5tb2zW9gr7h8cHh2XTk7bOk4VwxaLRay6AdUouMSW4UZgN1FIo0BgJ5jcz/3OEyrNY9k00wT9iI4kDzmjxkqN5qBUdivuAmSdeDkpQ476oPTVH8YsjVAaJqjWPc9NjJ9RZTgTOCv2U40JZRM6wp6lkkao/Wxx6IxcWmVIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE975GZdJalCy5aIwFcTEZP41GXKFzIipJZQpbm8lbEwVZcZmU7QheKsvr5P2dcWrVm4a1XKtmsdRgHO4gCvw4BZq8AB1aAEDhGd4hTfn0Xlx3p2PZeuGk8+cwR84nz+uC4zS</latexit>

1

<latexit sha1_base64="b/nt7/TqL3r76P3kpjR3PO0zJDA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkot4KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2Vml6/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVq1Uvm7VK/SaPowgncArn4MEV1OEOGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/eoCMtA==</latexit>



Uniform	  Sampling:	  fundamental	  formula	  	  

•  	  Given	  a	  signal	  x(t),	  then	  we	  have	  	  	  

x[n] = x(nT )

<latexit sha1_base64="gXJzDW2ejCB3ZaXebIuNT7iSfI0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahXkoiFb0IRS8eK/QL01A22027dLMJuxtpCf0XXjwo4tV/481/47bNQVsfDDzem2Fmnh9zprRtf1u5tfWNza38dmFnd2//oHh41FJRIgltkohHsuNjRTkTtKmZ5rQTS4pDn9O2P7qb+e0nKhWLRENPYuqFeCBYwAjWRnocu8K7GZdF47xXLNkVew60SpyMlCBDvVf86vYjkoRUaMKxUq5jx9pLsdSMcDotdBNFY0xGeEBdQwUOqfLS+cVTdGaUPgoiaUpoNFd/T6Q4VGoS+qYzxHqolr2Z+J/nJjq49lIm4kRTQRaLgoQjHaHZ+6jPJCWaTwzBRDJzKyJDLDHRJqSCCcFZfnmVtC4qTrVy+VAt1W6zOPJwAqdQBgeuoAb3UIcmEBDwDK/wZinrxXq3PhatOSubOYY/sD5/ALcokEw=</latexit>

x[n] = x(t)
���
t=nT

<latexit sha1_base64="hGh5DzC3a3JeWUZJHpqZFwqMYq4=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyxC3ZREKropFHXhskJfkIYwmU7boZNJmLmRlljwV9y4UMSt3+HOv3H6WGjrgQuHc+7l3nuCmDMFtv1tZFZW19Y3spu5re2d3T1z/6ChokQSWicRj2QrwIpyJmgdGHDaiiXFYcBpMxjcTPzmA5WKRaIGo5h6Ie4J1mUEg5Z882joCq88LMBZ+5r1Hv0UyqI29s28XbSnsJaJMyd5NEfVN7/anYgkIRVAOFbKdewYvBRLYITTca6dKBpjMsA96moqcEiVl07PH1unWulY3UjqEmBN1d8TKQ6VGoWB7gwx9NWiNxH/89wEuldeykScABVktqibcAsia5KF1WGSEuAjTTCRTN9qkT6WmIBOLKdDcBZfXiaN86JTKl7cl/KV23kcWXSMTlABOegSVdAdqqI6IihFz+gVvRlPxovxbnzMWjPGfOYQ/YHx+QOtZpVT</latexit>



Uniform	  Sampling:	  examples	  

•  	  Given	  a	  signal	  x(t),	  then	  we	  have	  	  	  

Si	  T=0,25	  seg	  

x[-1]= x(-0,25) 
x[0]  = x(0) 
x[1]  = x(0,25) 
x[2]  = x(0,50) 

n = 0 =)

<latexit sha1_base64="SIN1gx10CIAy6NwC3BtjZIgH61c=">AAAB/HicbVA9SwNBEJ2LXzF+naa0WQyCVbiTiDZKwMbCIoL5gOQIe5tNsmRv99jdU44Q/4qNhSK2/hA7/42b5ApNfDDweG+GmXlhzJk2nvft5FZW19Y38puFre2d3T13/6ChZaIIrRPJpWqFWFPOBK0bZjhtxYriKOS0GY6up37zgSrNpLg3aUyDCA8E6zOCjZW6blFceqhzK8VAscHQYKXkY9cteWVvBrRM/IyUIEOt6351epIkERWGcKx12/diE4yxMoxwOil0Ek1jTEZ4QNuWChxRHYxnx0/QsVV6qC+VLWHQTP09McaR1mkU2s4Im6Fe9Kbif147Mf2LYMxEnBgqyHxRP+HISDRNAvWYosTw1BJMFLO3IjLEChNj8yrYEPzFl5dJ47TsV8pnd5VS9SqLIw+HcAQn4MM5VOEGalAHAik8wyu8OU/Oi/PufMxbc042U4Q/cD5/AGM3lJ0=</latexit>

n = 1 =)

<latexit sha1_base64="l9B9WzKGgtzniF9yVLa7Y62e0iA=">AAAB/HicbVA9SwNBEJ2LXzF+naa0WQyCVbiTiDZKwMbCIoL5gOQIe5tNsmRv99jdU44Q/4qNhSK2/hA7/42b5ApNfDDweG+GmXlhzJk2nvft5FZW19Y38puFre2d3T13/6ChZaIIrRPJpWqFWFPOBK0bZjhtxYriKOS0GY6up37zgSrNpLg3aUyDCA8E6zOCjZW6blFc+qhzK8VAscHQYKXkY9cteWVvBrRM/IyUIEOt6351epIkERWGcKx12/diE4yxMoxwOil0Ek1jTEZ4QNuWChxRHYxnx0/QsVV6qC+VLWHQTP09McaR1mkU2s4Im6Fe9Kbif147Mf2LYMxEnBgqyHxRP+HISDRNAvWYosTw1BJMFLO3IjLEChNj8yrYEPzFl5dJ47TsV8pnd5VS9SqLIw+HcAQn4MM5VOEGalAHAik8wyu8OU/Oi/PufMxbc042U4Q/cD5/AGTLlJ4=</latexit>

n = �1 =)

<latexit sha1_base64="uaVF52791sqBcZA06Y5eiWaj/ZM=">AAAB/XicbVDJSgNBEK2JW4zbuNy8NAbBi2FGInpRAl48eIhgFkiG0NPpJE16uofuHiUOwV/x4kERr/6HN//GznLQxAcFj/eqqKoXxpxp43nfTmZhcWl5JbuaW1vf2Nxyt3eqWiaK0AqRXKp6iDXlTNCKYYbTeqwojkJOa2H/auTX7qnSTIo7M4hpEOGuYB1GsLFSy90TF8c+at5I0VWs2zNYKfnQcvNewRsDzRN/SvIwRbnlfjXbkiQRFYZwrHXD92ITpFgZRjgd5pqJpjEmfdylDUsFjqgO0vH1Q3RolTbqSGVLGDRWf0+kONJ6EIW2M8Kmp2e9kfif10hM5zxImYgTQwWZLOokHBmJRlGgNlOUGD6wBBPF7K2I9LDCxNjAcjYEf/bleVI9KfjFwultMV+6nMaRhX04gCPw4QxKcA1lqACBR3iGV3hznpwX5935mLRmnOnMLvyB8/kD0c6U1Q==</latexit>

n = 2 =)

<latexit sha1_base64="QqOeDLYTK4nTm5krlcBnHv2Gq0k=">AAAB/HicbVDLSgNBEOz1GeMrmqOXwSB4Crshohcl4MWDhwjmAckSZiezmyGzM8vMrLKE+CtePCji1Q/x5t84eRw0saChqOqmuytIONPGdb+dldW19Y3N3FZ+e2d3b79wcNjUMlWENojkUrUDrClngjYMM5y2E0VxHHDaCobXE7/1QJVmUtybLKF+jCPBQkawsVKvUBSXFdS9lSJSLBoYrJR87BVKbtmdAi0Tb05KMEe9V/jq9iVJYyoM4Vjrjucmxh9hZRjhdJzvppommAxxRDuWChxT7Y+mx4/RiVX6KJTKljBoqv6eGOFY6ywObGeMzUAvehPxP6+TmvDCHzGRpIYKMlsUphwZiSZJoD5TlBieWYKJYvZWRAZYYWJsXnkbgrf48jJpVspetXx2Vy3VruZx5OAIjuEUPDiHGtxAHRpAIINneIU358l5cd6dj1nrijOfKcIfOJ8/Zl+Unw==</latexit>



Uniform	  Sampling:	  examples	  

•  	  Given	  a	  signal	  x(t),	  then	  we	  have	  	  	  

Si	  ωs=10π	  rad/seg	  

x[-1]  = x(-0,2) 
x[0]  = x(0) 
x[1]  = x(0,2) 
x[2]  = x(0,4) 

n = 0 =)

<latexit sha1_base64="SIN1gx10CIAy6NwC3BtjZIgH61c=">AAAB/HicbVA9SwNBEJ2LXzF+naa0WQyCVbiTiDZKwMbCIoL5gOQIe5tNsmRv99jdU44Q/4qNhSK2/hA7/42b5ApNfDDweG+GmXlhzJk2nvft5FZW19Y38puFre2d3T13/6ChZaIIrRPJpWqFWFPOBK0bZjhtxYriKOS0GY6up37zgSrNpLg3aUyDCA8E6zOCjZW6blFceqhzK8VAscHQYKXkY9cteWVvBrRM/IyUIEOt6351epIkERWGcKx12/diE4yxMoxwOil0Ek1jTEZ4QNuWChxRHYxnx0/QsVV6qC+VLWHQTP09McaR1mkU2s4Im6Fe9Kbif147Mf2LYMxEnBgqyHxRP+HISDRNAvWYosTw1BJMFLO3IjLEChNj8yrYEPzFl5dJ47TsV8pnd5VS9SqLIw+HcAQn4MM5VOEGalAHAik8wyu8OU/Oi/PufMxbc042U4Q/cD5/AGM3lJ0=</latexit>

n = 1 =)

<latexit sha1_base64="l9B9WzKGgtzniF9yVLa7Y62e0iA=">AAAB/HicbVA9SwNBEJ2LXzF+naa0WQyCVbiTiDZKwMbCIoL5gOQIe5tNsmRv99jdU44Q/4qNhSK2/hA7/42b5ApNfDDweG+GmXlhzJk2nvft5FZW19Y38puFre2d3T13/6ChZaIIrRPJpWqFWFPOBK0bZjhtxYriKOS0GY6up37zgSrNpLg3aUyDCA8E6zOCjZW6blFc+qhzK8VAscHQYKXkY9cteWVvBrRM/IyUIEOt6351epIkERWGcKx12/diE4yxMoxwOil0Ek1jTEZ4QNuWChxRHYxnx0/QsVV6qC+VLWHQTP09McaR1mkU2s4Im6Fe9Kbif147Mf2LYMxEnBgqyHxRP+HISDRNAvWYosTw1BJMFLO3IjLEChNj8yrYEPzFl5dJ47TsV8pnd5VS9SqLIw+HcAQn4MM5VOEGalAHAik8wyu8OU/Oi/PufMxbc042U4Q/cD5/AGTLlJ4=</latexit>

n = �1 =)

<latexit sha1_base64="uaVF52791sqBcZA06Y5eiWaj/ZM=">AAAB/XicbVDJSgNBEK2JW4zbuNy8NAbBi2FGInpRAl48eIhgFkiG0NPpJE16uofuHiUOwV/x4kERr/6HN//GznLQxAcFj/eqqKoXxpxp43nfTmZhcWl5JbuaW1vf2Nxyt3eqWiaK0AqRXKp6iDXlTNCKYYbTeqwojkJOa2H/auTX7qnSTIo7M4hpEOGuYB1GsLFSy90TF8c+at5I0VWs2zNYKfnQcvNewRsDzRN/SvIwRbnlfjXbkiQRFYZwrHXD92ITpFgZRjgd5pqJpjEmfdylDUsFjqgO0vH1Q3RolTbqSGVLGDRWf0+kONJ6EIW2M8Kmp2e9kfif10hM5zxImYgTQwWZLOokHBmJRlGgNlOUGD6wBBPF7K2I9LDCxNjAcjYEf/bleVI9KfjFwultMV+6nMaRhX04gCPw4QxKcA1lqACBR3iGV3hznpwX5935mLRmnOnMLvyB8/kD0c6U1Q==</latexit>

n = 2 =)

<latexit sha1_base64="QqOeDLYTK4nTm5krlcBnHv2Gq0k=">AAAB/HicbVDLSgNBEOz1GeMrmqOXwSB4Crshohcl4MWDhwjmAckSZiezmyGzM8vMrLKE+CtePCji1Q/x5t84eRw0saChqOqmuytIONPGdb+dldW19Y3N3FZ+e2d3b79wcNjUMlWENojkUrUDrClngjYMM5y2E0VxHHDaCobXE7/1QJVmUtybLKF+jCPBQkawsVKvUBSXFdS9lSJSLBoYrJR87BVKbtmdAi0Tb05KMEe9V/jq9iVJYyoM4Vjrjucmxh9hZRjhdJzvppommAxxRDuWChxT7Y+mx4/RiVX6KJTKljBoqv6eGOFY6ywObGeMzUAvehPxP6+TmvDCHzGRpIYKMlsUphwZiSZJoD5TlBieWYKJYvZWRAZYYWJsXnkbgrf48jJpVspetXx2Vy3VruZx5OAIjuEUPDiHGtxAHRpAIINneIU358l5cd6dj1nrijOfKcIfOJ8/Zl+Unw==</latexit>

T =
2⇡

10⇡
=

1
5

<latexit sha1_base64="uL73D/kJPhRFUIIq2aupc47ayHk=">AAACCnicbVDLSsNAFL2pr1pfUZduRovgqiSlRTdKwY3LCn1BU8pkOmmHTh7MTIQSsnbjr7hxoYhbv8Cdf+OkzUJbD1zu4Zx7mbnHjTiTyrK+jcLa+sbmVnG7tLO7t39gHh51ZBgLQtsk5KHouVhSzgLaVkxx2osExb7Laded3mZ+94EKycKgpWYRHfh4HDCPEay0NDRPW9eOJzBJqk7E0sS2spZLdprUUzQ0y1bFmgOtEjsnZcjRHJpfzigksU8DRTiWsm9bkRokWChGOE1LTixphMkUj2lf0wD7VA6S+SkpOtfKCHmh0BUoNFd/byTYl3Lmu3rSx2oil71M/M/rx8q7GiQsiGJFA7J4yIs5UiHKckEjJihRfKYJJoLpvyIywToGpdMr6RDs5ZNXSadasWuV+n2t3LjJ4yjCCZzBBdhwCQ24gya0gcAjPMMrvBlPxovxbnwsRgtGvnMMf2B8/gByNpoa</latexit>



Uniform	  Sampling:	  examples	  

•  	  Given	  a	  signal	  x(t),	  then	  we	  have	  	  	  
Si	  T=0,5	  y	  x(t)=(1/4)tu(t) 

x[-1]  = x(-0,5)  = 0 
x[0]  = x(0) = 1 
x[1]  = x(0,5)  = 1/2 
x[2]  = x(1) = 1/4 

n = 0 =)

<latexit sha1_base64="SIN1gx10CIAy6NwC3BtjZIgH61c=">AAAB/HicbVA9SwNBEJ2LXzF+naa0WQyCVbiTiDZKwMbCIoL5gOQIe5tNsmRv99jdU44Q/4qNhSK2/hA7/42b5ApNfDDweG+GmXlhzJk2nvft5FZW19Y38puFre2d3T13/6ChZaIIrRPJpWqFWFPOBK0bZjhtxYriKOS0GY6up37zgSrNpLg3aUyDCA8E6zOCjZW6blFceqhzK8VAscHQYKXkY9cteWVvBrRM/IyUIEOt6351epIkERWGcKx12/diE4yxMoxwOil0Ek1jTEZ4QNuWChxRHYxnx0/QsVV6qC+VLWHQTP09McaR1mkU2s4Im6Fe9Kbif147Mf2LYMxEnBgqyHxRP+HISDRNAvWYosTw1BJMFLO3IjLEChNj8yrYEPzFl5dJ47TsV8pnd5VS9SqLIw+HcAQn4MM5VOEGalAHAik8wyu8OU/Oi/PufMxbc042U4Q/cD5/AGM3lJ0=</latexit>

n = 1 =)

<latexit sha1_base64="l9B9WzKGgtzniF9yVLa7Y62e0iA=">AAAB/HicbVA9SwNBEJ2LXzF+naa0WQyCVbiTiDZKwMbCIoL5gOQIe5tNsmRv99jdU44Q/4qNhSK2/hA7/42b5ApNfDDweG+GmXlhzJk2nvft5FZW19Y38puFre2d3T13/6ChZaIIrRPJpWqFWFPOBK0bZjhtxYriKOS0GY6up37zgSrNpLg3aUyDCA8E6zOCjZW6blFc+qhzK8VAscHQYKXkY9cteWVvBrRM/IyUIEOt6351epIkERWGcKx12/diE4yxMoxwOil0Ek1jTEZ4QNuWChxRHYxnx0/QsVV6qC+VLWHQTP09McaR1mkU2s4Im6Fe9Kbif147Mf2LYMxEnBgqyHxRP+HISDRNAvWYosTw1BJMFLO3IjLEChNj8yrYEPzFl5dJ47TsV8pnd5VS9SqLIw+HcAQn4MM5VOEGalAHAik8wyu8OU/Oi/PufMxbc042U4Q/cD5/AGTLlJ4=</latexit>

n = �1 =)

<latexit sha1_base64="uaVF52791sqBcZA06Y5eiWaj/ZM=">AAAB/XicbVDJSgNBEK2JW4zbuNy8NAbBi2FGInpRAl48eIhgFkiG0NPpJE16uofuHiUOwV/x4kERr/6HN//GznLQxAcFj/eqqKoXxpxp43nfTmZhcWl5JbuaW1vf2Nxyt3eqWiaK0AqRXKp6iDXlTNCKYYbTeqwojkJOa2H/auTX7qnSTIo7M4hpEOGuYB1GsLFSy90TF8c+at5I0VWs2zNYKfnQcvNewRsDzRN/SvIwRbnlfjXbkiQRFYZwrHXD92ITpFgZRjgd5pqJpjEmfdylDUsFjqgO0vH1Q3RolTbqSGVLGDRWf0+kONJ6EIW2M8Kmp2e9kfif10hM5zxImYgTQwWZLOokHBmJRlGgNlOUGD6wBBPF7K2I9LDCxNjAcjYEf/bleVI9KfjFwultMV+6nMaRhX04gCPw4QxKcA1lqACBR3iGV3hznpwX5935mLRmnOnMLvyB8/kD0c6U1Q==</latexit>

n = 2 =)

<latexit sha1_base64="QqOeDLYTK4nTm5krlcBnHv2Gq0k=">AAAB/HicbVDLSgNBEOz1GeMrmqOXwSB4Crshohcl4MWDhwjmAckSZiezmyGzM8vMrLKE+CtePCji1Q/x5t84eRw0saChqOqmuytIONPGdb+dldW19Y3N3FZ+e2d3b79wcNjUMlWENojkUrUDrClngjYMM5y2E0VxHHDaCobXE7/1QJVmUtybLKF+jCPBQkawsVKvUBSXFdS9lSJSLBoYrJR87BVKbtmdAi0Tb05KMEe9V/jq9iVJYyoM4Vjrjucmxh9hZRjhdJzvppommAxxRDuWChxT7Y+mx4/RiVX6KJTKljBoqv6eGOFY6ywObGeMzUAvehPxP6+TmvDCHzGRpIYKMlsUphwZiSZJoD5TlBieWYKJYvZWRAZYYWJsXnkbgrf48jJpVspetXx2Vy3VruZx5OAIjuEUPDiHGtxAHRpAIINneIU358l5cd6dj1nrijOfKcIfOJ8/Zl+Unw==</latexit>

x[n] = x(nT ) =
✓

1
4

◆nT

u(nT )

<latexit sha1_base64="TQb6P9Z4pQwOXRjDIonfcPCTjag=">AAACF3icbVDLSgMxFM3UV62vqks3wSLUTZmRiroQCm5cVugLOmPJpJk2NJMZkjtiGeYv3Pgrblwo4lZ3/o3pY6HWA4HDOedyc48fC67Btr+s3NLyyupafr2wsbm1vVPc3WvpKFGUNWkkItXxiWaCS9YEDoJ1YsVI6AvW9kdXE799x5TmkWzAOGZeSAaSB5wSMFKvWLnvSu/yviwbx5euYAGU3UARmjpZWs1cxQdDOL5NZSNLJhHcK5bsij0FXiTOnJTQHPVe8dPtRzQJmQQqiNZdx47BS4kCTgXLCm6iWUzoiAxY11BJQqa9dHpXho+M0sdBpMyTgKfqz4mUhFqPQ98kQwJD/debiP953QSCcy/lMk6ASTpbFCQCQ4QnJeE+V4yCGBtCqOLmr5gOiekFTJUFU4Lz9+RF0jqpONXK6U21VLuY15FHB+gQlZGDzlANXaM6aiKKHtATekGv1qP1bL1Z77NozprP7KNfsD6+Aa15nvg=</latexit>

x[n] = x(0.5n) =
✓

1
4

◆0.5n

u(0.5n)

<latexit sha1_base64="v2c4Erz5jkLwBYUn+sUfdscCpy0=">AAACHXicbVDLSsNAFJ34rPVVdelmsAh1ExKpqItCwY3LCrYVklgm00k7OJmEmRuxhPyIG3/FjQtFXLgR/8bpY+HrwMDhnHO5c0+YCq7BcT6tufmFxaXl0kp5dW19Y7Oytd3RSaYoa9NEJOoqJJoJLlkbOAh2lSpG4lCwbnhzNva7t0xpnshLGKUsiMlA8ohTAkbqVep3ngwadzXHPpIHDV+wCGp+pAjN3SKvF77igyEcXOdjv8imMdyrVB3bmQD/Je6MVNEMrV7l3e8nNIuZBCqI1p7rpBDkRAGnghVlP9MsJfSGDJhnqCQx00E+ua7A+0bp4yhR5knAE/X7RE5irUdxaJIxgaH+7Y3F/zwvg+gkyLlMM2CSThdFmcCQ4HFVuM8VoyBGhhCquPkrpkNiugFTaNmU4P4++S/pHNpu3T66qFebp7M6SmgX7aEactExaqJz1EJtRNE9ekTP6MV6sJ6sV+ttGp2zZjM76Aesjy/6Vp/x</latexit>



Uniform	  Sampling:	  	  
graphical	  examples	  

t

<latexit sha1_base64="8cvp/QhkD3FwabUeWCxby71NYvE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkot4KXjy2YGuhDWWz3bRrN5uwOxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFR28SpZrzFYhnrTkANl0LxFgqUvJNoTqNA8odgfDvzH564NiJW9zhJuB/RoRKhYBSt1MR+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lioaceNn80On5MwqAxLG2pZCMld/T2Q0MmYSBbYzojgyy95M/M/rphhe+5lQSYpcscWiMJUEYzL7mgyE5gzlxBLKtLC3EjaimjK02ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAYdneIU359F5cd6dj0VrwclnjuEPnM8f4AyM9w==</latexit>

t

<latexit sha1_base64="8cvp/QhkD3FwabUeWCxby71NYvE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkot4KXjy2YGuhDWWz3bRrN5uwOxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFR28SpZrzFYhnrTkANl0LxFgqUvJNoTqNA8odgfDvzH564NiJW9zhJuB/RoRKhYBSt1MR+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lioaceNn80On5MwqAxLG2pZCMld/T2Q0MmYSBbYzojgyy95M/M/rphhe+5lQSYpcscWiMJUEYzL7mgyE5gzlxBLKtLC3EjaimjK02ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAYdneIU359F5cd6dj0VrwclnjuEPnM8f4AyM9w==</latexit>

n

<latexit sha1_base64="lVDu9l9O7fF/6f0WKrAyb/O95Lw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkot4KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmrJfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6Lq1aqXzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f1vSM8Q==</latexit>

Here	  something	  is	  wrong…	  we	  have	  
lost	  all	  the	  informa4on	  of	  the	  x(t);	  
x[n]	  is	  always	  zero…	  	  



Very	  important	  slide:	  
can	  we	  avoid	  to	  lose	  informa+on?	  	  

t

<latexit sha1_base64="8cvp/QhkD3FwabUeWCxby71NYvE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkot4KXjy2YGuhDWWz3bRrN5uwOxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFR28SpZrzFYhnrTkANl0LxFgqUvJNoTqNA8odgfDvzH564NiJW9zhJuB/RoRKhYBSt1MR+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lioaceNn80On5MwqAxLG2pZCMld/T2Q0MmYSBbYzojgyy95M/M/rphhe+5lQSYpcscWiMJUEYzL7mgyE5gzlxBLKtLC3EjaimjK02ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAYdneIU359F5cd6dj0VrwclnjuEPnM8f4AyM9w==</latexit>

n

<latexit sha1_base64="lVDu9l9O7fF/6f0WKrAyb/O95Lw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkot4KXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2VmrJfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6Lq1aqXzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f1vSM8Q==</latexit>

Here	  	  the	  sampling	  period	  T	  is	  too	  big	  …	  	  

WE	  WILL	  SEE	  THERE	  EXISTS	  AN	  UPPER	  BOUND	  Tn	  FOR	  THE	  
SAMPLING	  PERIOD	  (T)	  :	  if	  T<Tn	  WE	  DO	  NOT	  LOSE	  INFORMATION	  !	  

Then,	  THERE	  EXISTS	  A	  LOWER	  BOUND	  wn	  FOR	  THE	  SAMPLING	  
FREQUENCY	  (ws)	  :	  if	  ws>wn	  WE	  DO	  NOT	  LOSE	  INFORMATION	  !	  



When	  sampling,	  what	  happens	  in	  the	  
frequency	  domain?	  

•  	  We	  study	  the	  rela+onships	  between	  

X(!)

<latexit sha1_base64="dVC3CpbB9POh+mZ21OvvqCaYxl4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXInoMevEYwTwkWcLsZDYZMo9lZlYIIV/hxYMiXv0cb/6Nk2QPmljQUFR1090VJZwZ6/vfXm5tfWNzK79d2Nnd2z8oHh41jUo1oQ2iuNLtCBvKmaQNyyyn7URTLCJOW9Hodua3nqg2TMkHO05oKPBAspgRbJ302C53laADfN4rlvyKPwdaJUFGSpCh3it+dfuKpIJKSzg2phP4iQ0nWFtGOJ0WuqmhCSYjPKAdRyUW1IST+cFTdOaUPoqVdiUtmqu/JyZYGDMWkesU2A7NsjcT//M6qY2vwwmTSWqpJItFccqRVWj2PeozTYnlY0cw0czdisgQa0ysy6jgQgiWX14lzYtKUK1c3ldLtZssjjycwCmUIYArqMEd1KEBBAQ8wyu8edp78d69j0VrzstmjuEPvM8fCBiP6g==</latexit>

X(⌦)

<latexit sha1_base64="h4o9YQvXz/1uhskuZYXjQ27wTio=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiJexKRI9BL96MYB6SLGF20psMmdldZmaFEPIVXjwo4tXP8ebfOEn2oIkFDUVVN91dQSK4Nq777aysrq1vbOa28ts7u3v7hYPDho5TxbDOYhGrVkA1Ch5h3XAjsJUopDIQ2AyGN1O/+YRK8zh6MKMEfUn7EQ85o8ZKj61S505in551C0W37M5AlomXkSJkqHULX51ezFKJkWGCat323MT4Y6oMZwIn+U6qMaFsSPvYtjSiErU/nh08IadW6ZEwVrYiQ2bq74kxlVqPZGA7JTUDvehNxf+8dmrCK3/MoyQ1GLH5ojAVxMRk+j3pcYXMiJEllClubyVsQBVlxmaUtyF4iy8vk8Z52auUL+4rxep1FkcOjuEESuDBJVThFmpQBwYSnuEV3hzlvDjvzse8dcXJZo7gD5zPH9bpj8o=</latexit>

x(t)

<latexit sha1_base64="S1wA4H+l2M1F2de7Bj5GWBSvzEE=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquVPRY9OKxgv2AdinZNNuGJtklyYpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3mdx6p0iySD2YaU1/gkWQhI9hk0lPVnA/KFbfmzoFWiZeTCuRoDspf/WFEEkGlIRxr3fPc2PgpVoYRTmelfqJpjMkEj2jPUokF1X46v3WGzqwyRGGkbEmD5urviRQLracisJ0Cm7Fe9jLxP6+XmPDaT5mME0MlWSwKE45MhLLH0ZApSgyfWoKJYvZWRMZYYWJsPCUbgrf88ippX9S8eu3yvl5p3ORxFOEETqEKHlxBA+6gCS0gMIZneIU3RzgvzrvzsWgtOPnMMfyB8/kDhGGN5w==</latexit>

x[n]

<latexit sha1_base64="vSC461ee7bCqkWNGpngjB/TMHHU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7AekoWy2m3bp7ibsbsQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8MOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244uc397iNVmsXywUwTGgg8kixiBJtcevJlMKjW3Lo7B1olXkFqUKA1qH71hzFJBZWGcKy177mJCTKsDCOczir9VNMEkwkeUd9SiQXVQTa/dYbOrDJEUaxsSYPm6u+JDAutpyK0nQKbsV72cvE/z09NdB1kTCapoZIsFkUpRyZG+eNoyBQlhk8twUQxeysiY6wwMTaeig3BW355lXQu6l6jfnnfqDVvijjKcAKncA4eXEET7qAFbSAwhmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMX1I5I</latexit>

x[n] = x(nT )

<latexit sha1_base64="5wtPZFSoSynHFfov1E5jJaQUD+k=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahXkoiFb0oBS8eK/QL01A22027dLMJuxtpCf0XXjwo4tV/481/47bNQVsfDDzem2Fmnh9zprRtf1u5tfWNza38dmFnd2//oHh41FJRIgltkohHsuNjRTkTtKmZ5rQTS4pDn9O2P7qb+e0nKhWLRENPYuqFeCBYwAjWRnocu8K7GZdF47xXLNkVew60SpyMlCBDvVf86vYjkoRUaMKxUq5jx9pLsdSMcDotdBNFY0xGeEBdQwUOqfLS+cVTdGaUPgoiaUpoNFd/T6Q4VGoS+qYzxHqolr2Z+J/nJjq49lIm4kRTQRaLgoQjHaHZ+6jPJCWaTwzBRDJzKyJDLDHRJqSCCcFZfnmVtC4qTrVy+VAt1W6zOPJwAqdQBgeuoAb3UIcmEBDwDK/wZinrxXq3PhatOSubOYY/sD5/ALX0kEg=</latexit>



•  	  More	  specifically,	  we	  will	  study:	  

X(!)

<latexit sha1_base64="dVC3CpbB9POh+mZ21OvvqCaYxl4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXInoMevEYwTwkWcLsZDYZMo9lZlYIIV/hxYMiXv0cb/6Nk2QPmljQUFR1090VJZwZ6/vfXm5tfWNzK79d2Nnd2z8oHh41jUo1oQ2iuNLtCBvKmaQNyyyn7URTLCJOW9Hodua3nqg2TMkHO05oKPBAspgRbJ302C53laADfN4rlvyKPwdaJUFGSpCh3it+dfuKpIJKSzg2phP4iQ0nWFtGOJ0WuqmhCSYjPKAdRyUW1IST+cFTdOaUPoqVdiUtmqu/JyZYGDMWkesU2A7NsjcT//M6qY2vwwmTSWqpJItFccqRVWj2PeozTYnlY0cw0czdisgQa0ysy6jgQgiWX14lzYtKUK1c3ldLtZssjjycwCmUIYArqMEd1KEBBAQ8wyu8edp78d69j0VrzstmjuEPvM8fCBiP6g==</latexit>

X(⌦)

<latexit sha1_base64="h4o9YQvXz/1uhskuZYXjQ27wTio=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiJexKRI9BL96MYB6SLGF20psMmdldZmaFEPIVXjwo4tXP8ebfOEn2oIkFDUVVN91dQSK4Nq777aysrq1vbOa28ts7u3v7hYPDho5TxbDOYhGrVkA1Ch5h3XAjsJUopDIQ2AyGN1O/+YRK8zh6MKMEfUn7EQ85o8ZKj61S505in551C0W37M5AlomXkSJkqHULX51ezFKJkWGCat323MT4Y6oMZwIn+U6qMaFsSPvYtjSiErU/nh08IadW6ZEwVrYiQ2bq74kxlVqPZGA7JTUDvehNxf+8dmrCK3/MoyQ1GLH5ojAVxMRk+j3pcYXMiJEllClubyVsQBVlxmaUtyF4iy8vk8Z52auUL+4rxep1FkcOjuEESuDBJVThFmpQBwYSnuEV3hzlvDjvzse8dcXJZo7gD5zPH9bpj8o=</latexit>

x(t)

<latexit sha1_base64="S1wA4H+l2M1F2de7Bj5GWBSvzEE=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquVPRY9OKxgv2AdinZNNuGJtklyYpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3mdx6p0iySD2YaU1/gkWQhI9hk0lPVnA/KFbfmzoFWiZeTCuRoDspf/WFEEkGlIRxr3fPc2PgpVoYRTmelfqJpjMkEj2jPUokF1X46v3WGzqwyRGGkbEmD5urviRQLracisJ0Cm7Fe9jLxP6+XmPDaT5mME0MlWSwKE45MhLLH0ZApSgyfWoKJYvZWRMZYYWJsPCUbgrf88ippX9S8eu3yvl5p3ORxFOEETqEKHlxBA+6gCS0gMIZneIU3RzgvzrvzsWgtOPnMMfyB8/kDhGGN5w==</latexit>

x[n]

<latexit sha1_base64="vSC461ee7bCqkWNGpngjB/TMHHU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7AekoWy2m3bp7ibsbsQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8MOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244uc397iNVmsXywUwTGgg8kixiBJtcevJlMKjW3Lo7B1olXkFqUKA1qH71hzFJBZWGcKy177mJCTKsDCOczir9VNMEkwkeUd9SiQXVQTa/dYbOrDJEUaxsSYPm6u+JDAutpyK0nQKbsV72cvE/z09NdB1kTCapoZIsFkUpRyZG+eNoyBQlhk8twUQxeysiY6wwMTaeig3BW355lXQu6l6jfnnfqDVvijjKcAKncA4eXEET7qAFbSAwhmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMX1I5I</latexit>

x[n] = x(nT )

<latexit sha1_base64="5wtPZFSoSynHFfov1E5jJaQUD+k=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahXkoiFb0oBS8eK/QL01A22027dLMJuxtpCf0XXjwo4tV/481/47bNQVsfDDzem2Fmnh9zprRtf1u5tfWNza38dmFnd2//oHh41FJRIgltkohHsuNjRTkTtKmZ5rQTS4pDn9O2P7qb+e0nKhWLRENPYuqFeCBYwAjWRnocu8K7GZdF47xXLNkVew60SpyMlCBDvVf86vYjkoRUaMKxUq5jx9pLsdSMcDotdBNFY0xGeEBdQwUOqfLS+cVTdGaUPgoiaUpoNFd/T6Q4VGoS+qYzxHqolr2Z+J/nJjq49lIm4kRTQRaLgoQjHaHZ+6jPJCWaTwzBRDJzKyJDLDHRJqSCCcFZfnmVtC4qTrVy+VAt1W6zOPJwAqdQBgeuoAb3UIcmEBDwDK/wZinrxXq3PhatOSubOYY/sD5/ALX0kEg=</latexit>

xp(t)

<latexit sha1_base64="GR9MrUjpdsLUv2LFOW9mGuZkwuM=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBDiJexKRI9BLx4jmAckIcxOZpMxs7PLTK8YlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXeXH0th0HW/nZXVtfWNzdxWfntnd2+/cHDYMFGiGa+zSEa65VPDpVC8jgIlb8Wa09CXvOmPbqZ+85FrIyJ1j+OYd0M6UCIQjKKVGk+9uIRnvULRLbszkGXiZaQIGWq9wlenH7Ek5AqZpMa0PTfGbko1Cib5JN9JDI8pG9EBb1uqaMhNN51dOyGnVumTINK2FJKZ+nsipaEx49C3nSHFoVn0puJ/XjvB4KqbChUnyBWbLwoSSTAi09dJX2jOUI4toUwLeythQ6opQxtQ3obgLb68TBrnZa9SvrirFKvXWRw5OIYTKIEHl1CFW6hBHRg8wDO8wpsTOS/Ou/Mxb11xspkj+APn8wcLzY7K</latexit>

Xp(!)

<latexit sha1_base64="cmY60m/bidsQcXh6aSwi6Mn6lUM=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBDiJexKRI9BLx4jmAdsljA7mSRD5rHMzAphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHfFCWfG+v63t7a+sbm1Xdgp7u7tHxyWjo5bRqWa0CZRXOlOjA3lTNKmZZbTTqIpFjGn7Xh8N/PbT1QbpuSjnSQ0Engo2YARbJ0UdnpJpasEHeKLXqnsV/050CoJclKGHI1e6avbVyQVVFrCsTFh4Cc2yrC2jHA6LXZTQxNMxnhIQ0clFtRE2fzkKTp3Sh8NlHYlLZqrvycyLIyZiNh1CmxHZtmbif95YWoHN1HGZJJaKsli0SDlyCo0+x/1mabE8okjmGjmbkVkhDUm1qVUdCEEyy+vktZlNahVrx5q5fptHkcBTuEMKhDANdThHhrQBAIKnuEV3jzrvXjv3seidc3LZ07gD7zPH5NUkM0=</latexit>

xp(t) = x(t)p(t)

<latexit sha1_base64="C365l5XaZw5TBpCxH9p1aGcJHb8=">AAAB+HicbZDLSgMxFIYz9VbrpaMu3QSLUDdlRiq6EYpuXFawF2iHIZNm2tDMheSMtA59EjcuFHHro7jzbcy0s9DWAwkf/38OOfm9WHAFlvVtFNbWNza3itulnd29/bJ5cNhWUSIpa9FIRLLrEcUED1kLOAjWjSUjgSdYxxvfZn7nkUnFo/ABpjFzAjIMuc8pAS25ZnnixlU4u57oKwPXrFg1a154FewcKiivpmt+9QcRTQIWAhVEqZ5txeCkRAKngs1K/USxmNAxGbKexpAETDnpfPEZPtXKAPuR1CcEPFd/T6QkUGoaeLozIDBSy14m/uf1EvCvnJSHcQIspIuH/ERgiHCWAh5wySiIqQZCJde7YjoiklDQWZV0CPbyl1ehfV6z67WL+3qlcZPHUUTH6ARVkY0uUQPdoSZqIYoS9Ixe0ZvxZLwY78bHorVg5DNH6E8Znz//N5IE</latexit>



x(t)

<latexit sha1_base64="XStWjN068hp5dJbMTYs7xZ8/tkU=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBEuhbsqMVHQjFN24rGAf0I4lk2ba0ExmSDJqGfofblwo4tZ/ceffmGlnoa0Hbjiccy/35ngRZ0rb9reVW1ldW9/Ibxa2tnd294r7By0VxpLQJgl5KDseVpQzQZuaaU47kaQ48Dhte+Pr1G8/UKlYKO70JKJugIeC+YxgbaT7p4o+KV+mb2SqXyzZVXsGtEycjJQgQ6Nf/OoNQhIHVGjCsVJdx460m2CpGeF0WujFikaYjPGQdg0VOKDKTWZXT1HZKAPkh9KU0Gim/p5IcKDUJPBMZ4D1SC16qfif1421f+EmTESxpoLMF/kxRzpEaQRowCQlmk8MwUQycysiIywx0SaoggnBWfzyMmmdVp1a9ey2VqpfZXHk4QiOoQIOnEMdbqABTSAg4Rle4c16tF6sd+tj3pqzsplD+APr8wdYVJEf</latexit>

x(nT )

<latexit sha1_base64="23NWgQp5PqZIaXHdHHX3rNKsFsY=">AAAB+HicbVBNS8NAEJ34WetHox69LJZCeymJVPQiFL14rNAvaEPZbLft0s0m7G6kNfSXePGgiFd/ijf/jds2B219MPB4b4aZeX7EmdKO821tbG5t7+xm9rL7B4dHOfv4pKnCWBLaICEPZdvHinImaEMzzWk7khQHPqctf3w391uPVCoWirqeRtQL8FCwASNYG6ln5yZFUS8VbiZFXYpM9ey8U3YWQOvETUkeUtR69le3H5I4oEITjpXquE6kvQRLzQins2w3VjTCZIyHtGOowAFVXrI4fIYKRumjQShNCY0W6u+JBAdKTQPfdAZYj9SqNxf/8zqxHlx7CRNRrKkgy0WDmCMdonkKqM8kJZpPDcFEMnMrIiMsMdEmq6wJwV19eZ00L8pupXz5UMlXb9M4MnAG51AEF66gCvdQgwYQiOEZXuHNerJerHfrY9m6YaUzp/AH1ucPb7aRqA==</latexit>

x[n] = x(nT )

<latexit sha1_base64="zTVVIAock06EzPFbvs5iB31kwYU=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyyFdlMSqagLoeDGZYW+IA1lMp20QyeTMDOR1lL8FTcuFHHrf7jzb5y2WWjrgcsczrmXe+f4MaNS2fa3kVlb39jcym7ndnb39g/Mw6OmjBKBSQNHLBJtH0nCKCcNRRUj7VgQFPqMtPzh7cxvPRAhacTrahwTL0R9TgOKkdJS1zwZudy7GRV5vVTQjyrFurpm3i7bc1irxElJHlLUuuZXpxfhJCRcYYakdB07Vt4ECUUxI9NcJ5EkRniI+sTVlKOQSG8yv35qFbTSs4JI6OLKmqu/JyYolHIc+rozRGogl72Z+J/nJiq48iaUx4kiHC8WBQmzVGTNorB6VBCs2FgThAXVt1p4gATCSgeW0yE4y19eJc3zslMpX9xX8tXrNI4snMIZFMGBS6jCHdSgARge4Rle4c14Ml6Md+Nj0Zox0plj+APj8wcW15Os</latexit>

xp(t)

<latexit sha1_base64="95B02ZB9jyrRcXUdFsXZ+nu0K6Q=">AAAB+XicbZDLSgMxFIbP1Futt1GXboKlUDdlRiq6EYpuXFawF2iHIZNm2tDMhSRTWoa+iRsXirj1Tdz5NmbaWWjrgYSP/z+HnPxezJlUlvVtFDY2t7Z3irulvf2DwyPz+KQto0QQ2iIRj0TXw5JyFtKWYorTbiwoDjxOO974PvM7Eyoki8InNYupE+BhyHxGsNKSa5pTN66qi8rtVN8ZuWbZqlmLQutg51CGvJqu+dUfRCQJaKgIx1L2bCtWToqFYoTTeamfSBpjMsZD2tMY4oBKJ11sPkcVrQyQHwl9QoUW6u+JFAdSzgJPdwZYjeSql4n/eb1E+TdOysI4UTQky4f8hCMVoSwGNGCCEsVnGjARTO+KyAgLTJQOq6RDsFe/vA7ty5pdr1091suNuzyOIpzBOVTBhmtowAM0oQUEJvAMr/BmpMaL8W58LFsLRj5zCn/K+PwBX9KSMw==</latexit>

Is	  defined	  this	  signal	  
xp(t)	  there	  between	  
two	  deltas?	  	  
YESSS	  

STEP 1

<latexit sha1_base64="iy6N/3oPcmZPaZVZ3RYpXswhjB8=">AAACEnicbVDLSsNAFJ34rPFVdelmsBTaTUmkoi6EggguK/YFSSiT6aQdOpmEmYm0hH6DG3/FjQtF3Lpy5984bbPQ1gOXOZxzL3fu8WNGpbKsb2NldW19YzO3ZW7v7O7t5w8OWzJKBCZNHLFIdHwkCaOcNBVVjHRiQVDoM9L2h9dTv/1AhKQRb6hxTLwQ9TkNKEZKS9182Q39aJSmrh/A+8ZNHdqTiVkcOdy7GpV4o1zUjyrHurr5glWxZoDLxM5IAWSod/Nfbi/CSUi4wgxJ6dhWrLwUCUUxIxPTTSSJER6iPnE05Sgk0ktnJ01gUSs9GERCF1dwpv6eSFEo5Tj0dWeI1EAuelPxP89JVHDhpZTHiSIczxcFCYMqgtN8YI8KghUba4KwoPqvEA+QQFjpFE0dgr148jJpnVbsauXsrlqoXWZx5MAxOAElYINzUAO3oA6aAINH8AxewZvxZLwY78bHvHXFyGaOwB8Ynz+f5puA</latexit>

STEP 2

<latexit sha1_base64="rag+m9K3n74qV2Ldr9Tzc71khiQ=">AAACEnicbVDLSgMxFM3UV62vUZdugqXQbspMqagLoSCCy4p9QWcomTTThmYyQ5KRlqHf4MZfceNCEbeu3Pk3pu0stPXAJYdz7uXmHi9iVCrL+jYya+sbm1vZ7dzO7t7+gXl41JJhLDBp4pCFouMhSRjlpKmoYqQTCYICj5G2N7qe+e0HIiQNeUNNIuIGaMCpTzFSWuqZJSfwwnGSOJ4P7xs3dViZTnOFcZe7V+Mib5QK+lGlSFfPzFtlaw64SuyU5EGKes/8cvohjgPCFWZIyq5tRcpNkFAUMzLNObEkEcIjNCBdTTkKiHST+UlTWNBKH/qh0MUVnKu/JxIUSDkJPN0ZIDWUy95M/M/rxsq/cBPKo1gRjheL/JhBFcJZPrBPBcGKTTRBWFD9V4iHSCCsdIo5HYK9fPIqaVXKdrV8dlfN1y7TOLLgBJyCIrDBOaiBW1AHTYDBI3gGr+DNeDJejHfjY9GaMdKZY/AHxucPoYKbgQ==</latexit>

•  	  graphically:	  



•  	  with	  blocks:	  

from continuous to

discrete deltas

<latexit sha1_base64="jBokjHh+1sY3X6aURtdkBo40/l8="></latexit>

STEP 1

<latexit sha1_base64="iy6N/3oPcmZPaZVZ3RYpXswhjB8=">AAACEnicbVDLSsNAFJ34rPFVdelmsBTaTUmkoi6EggguK/YFSSiT6aQdOpmEmYm0hH6DG3/FjQtF3Lpy5984bbPQ1gOXOZxzL3fu8WNGpbKsb2NldW19YzO3ZW7v7O7t5w8OWzJKBCZNHLFIdHwkCaOcNBVVjHRiQVDoM9L2h9dTv/1AhKQRb6hxTLwQ9TkNKEZKS9182Q39aJSmrh/A+8ZNHdqTiVkcOdy7GpV4o1zUjyrHurr5glWxZoDLxM5IAWSod/Nfbi/CSUi4wgxJ6dhWrLwUCUUxIxPTTSSJER6iPnE05Sgk0ktnJ01gUSs9GERCF1dwpv6eSFEo5Tj0dWeI1EAuelPxP89JVHDhpZTHiSIczxcFCYMqgtN8YI8KghUba4KwoPqvEA+QQFjpFE0dgr148jJpnVbsauXsrlqoXWZx5MAxOAElYINzUAO3oA6aAINH8AxewZvxZLwY78bHvHXFyGaOwB8Ynz+f5puA</latexit>

STEP 2

<latexit sha1_base64="rag+m9K3n74qV2Ldr9Tzc71khiQ=">AAACEnicbVDLSgMxFM3UV62vUZdugqXQbspMqagLoSCCy4p9QWcomTTThmYyQ5KRlqHf4MZfceNCEbeu3Pk3pu0stPXAJYdz7uXmHi9iVCrL+jYya+sbm1vZ7dzO7t7+gXl41JJhLDBp4pCFouMhSRjlpKmoYqQTCYICj5G2N7qe+e0HIiQNeUNNIuIGaMCpTzFSWuqZJSfwwnGSOJ4P7xs3dViZTnOFcZe7V+Mib5QK+lGlSFfPzFtlaw64SuyU5EGKes/8cvohjgPCFWZIyq5tRcpNkFAUMzLNObEkEcIjNCBdTTkKiHST+UlTWNBKH/qh0MUVnKu/JxIUSDkJPN0ZIDWUy95M/M/rxsq/cBPKo1gRjheL/JhBFcJZPrBPBcGKTTRBWFD9V4iHSCCsdIo5HYK9fPIqaVXKdrV8dlfN1y7TOLLgBJyCIrDBOaiBW1AHTYDBI3gGr+DNeDJejHfjY9GaMdKZY/AHxucPoYKbgQ==</latexit>

xp(t) = x(t)p(t)

<latexit sha1_base64="C365l5XaZw5TBpCxH9p1aGcJHb8=">AAAB+HicbZDLSgMxFIYz9VbrpaMu3QSLUDdlRiq6EYpuXFawF2iHIZNm2tDMheSMtA59EjcuFHHro7jzbcy0s9DWAwkf/38OOfm9WHAFlvVtFNbWNza3itulnd29/bJ5cNhWUSIpa9FIRLLrEcUED1kLOAjWjSUjgSdYxxvfZn7nkUnFo/ABpjFzAjIMuc8pAS25ZnnixlU4u57oKwPXrFg1a154FewcKiivpmt+9QcRTQIWAhVEqZ5txeCkRAKngs1K/USxmNAxGbKexpAETDnpfPEZPtXKAPuR1CcEPFd/T6QkUGoaeLozIDBSy14m/uf1EvCvnJSHcQIspIuH/ERgiHCWAh5wySiIqQZCJde7YjoiklDQWZV0CPbyl1ehfV6z67WL+3qlcZPHUUTH6ARVkY0uUQPdoSZqIYoS9Ixe0ZvxZLwY78bHorVg5DNH6E8Znz//N5IE</latexit>

From Dirac deltas �(t) to

Kronecker deltas �[n]

<latexit sha1_base64="Hs6wUDpB6qA2tAuUrvG89znp/Dg="></latexit>



STEP	  1	  

xp(t) = x(t)p(t)

<latexit sha1_base64="C365l5XaZw5TBpCxH9p1aGcJHb8=">AAAB+HicbZDLSgMxFIYz9VbrpaMu3QSLUDdlRiq6EYpuXFawF2iHIZNm2tDMheSMtA59EjcuFHHro7jzbcy0s9DWAwkf/38OOfm9WHAFlvVtFNbWNza3itulnd29/bJ5cNhWUSIpa9FIRLLrEcUED1kLOAjWjSUjgSdYxxvfZn7nkUnFo/ABpjFzAjIMuc8pAS25ZnnixlU4u57oKwPXrFg1a154FewcKiivpmt+9QcRTQIWAhVEqZ5txeCkRAKngs1K/USxmNAxGbKexpAETDnpfPEZPtXKAPuR1CcEPFd/T6QkUGoaeLozIDBSy14m/uf1EvCvnJSHcQIspIuH/ERgiHCWAh5wySiIqQZCJde7YjoiklDQWZV0CPbyl1ehfV6z67WL+3qlcZPHUUTH6ARVkY0uUQPdoSZqIYoS9Ixe0ZvxZLwY78bHorVg5DNH6E8Znz//N5IE</latexit>

Recalling	  that	  !	  
See	  previous	  slides	  

Xp(!) =
1
2⇡

X(!) ⇤ PG(!)

<latexit sha1_base64="ZuMlSdQNFfgr2gfYEbbAzpHcIAg="></latexit>

=
2⇡

T

+1X

k=�1
�

✓
! � k

2⇡

T

◆

<latexit sha1_base64="AAKBWS9bTyYJVFBp9q8BsFAyqEY="></latexit>

PG(!)

<latexit sha1_base64="76gPtG3y7Ege/LDG6U4ad69K1Ig="></latexit>



STEP	  1	  

Xp(!) =
1
2⇡

X(!) ⇤ PG(!)

<latexit sha1_base64="ZuMlSdQNFfgr2gfYEbbAzpHcIAg="></latexit>

Xp(!) =
1
2⇡

X(!) ⇤ PG(!)

<latexit sha1_base64="ZuMlSdQNFfgr2gfYEbbAzpHcIAg="></latexit>

=
2⇡

T

+1X

k=�1
�

✓
! � k

2⇡

T

◆

<latexit sha1_base64="AAKBWS9bTyYJVFBp9q8BsFAyqEY="></latexit>

Xp(!) =
1
T

+1X

k=�1
X

✓
! � k

2⇡

T

◆

<latexit sha1_base64="Q5XiJIdwjl5M8yHZax+BAB0xDoo="></latexit>

Xp(!) =
1
T

+1X

k=�1
X (! � k!s)

<latexit sha1_base64="T7KDfFnvFrIE31Ga48PoC6KqyrE="></latexit>

ws =
2⇡

T

<latexit sha1_base64="5qK3kceXBrPxSlobXaY5QRZfvP0=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlKRTdC0Y3LCn0ITQiT6aQdOnkwM1FLyK+4caGIW3/EnX/jtM1CWw9cOJxzL/fe4yecSWVZ30ZpbX1jc6u8XdnZ3ds/MA+rPRmngtAuiXks7n0sKWcR7SqmOL1PBMWhz2nfn9zM/P4DFZLFUUdNE+qGeBSxgBGstOSZ1UdPXjmBwCRrOAnLs07umTWrbs2BVoldkBoUaHvmlzOMSRrSSBGOpRzYVqLcDAvFCKd5xUklTTCZ4BEdaBrhkEo3m9+eo1OtDFEQC12RQnP190SGQymnoa87Q6zGctmbif95g1QFl27GoiRVNCKLRUHKkYrRLAg0ZIISxaeaYCKYvhWRMdZBKB1XRYdgL7+8SnqNut2sn981a63rIo4yHMMJnIENF9CCW2hDFwg8wTO8wpuRGy/Gu/GxaC0ZxcwR/IHx+QM1qZSQ</latexit>



STEP	  1	  
X(!)

<latexit sha1_base64="zTrm+6o/4ePy4McAZym5GGKV950="></latexit>

Xp(!)

<latexit sha1_base64="sgAyra3LeZ9tpmsOUc4flJbVI2U="></latexit>

PG(!)

<latexit sha1_base64="5kGNYFClji9bdFBdKPQNHa2bNUQ="></latexit>

Xp(!) =
1
T

+1X

k=�1
X (! � k!s)

<latexit sha1_base64="T7KDfFnvFrIE31Ga48PoC6KqyrE="></latexit>

=
2⇡

T

+1X

k=�1
�

✓
! � k

2⇡

T

◆

<latexit sha1_base64="AAKBWS9bTyYJVFBp9q8BsFAyqEY="></latexit>

PG(!)

<latexit sha1_base64="76gPtG3y7Ege/LDG6U4ad69K1Ig="></latexit>

Signal	  with	  finite	  
bandwidth:	  	  

X(!) > 0

<latexit sha1_base64="lCXp29q+CEIyUl2rdE2nqH4DG/0="></latexit>

REPLICAS in FREQUENCY !!

<latexit sha1_base64="dgPOHRClvCDn9lZ0/nkIHa0eGNE="></latexit>

The	  shape	  as	  
“triangle”	  is	  just	  
an	  example…	  

�W < ! < W

<latexit sha1_base64="b0RGDpcRrAZI+fNR+SO5wvNiMGg=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBiyWRih56KHjxWMGaQhPKZjtpl+5mw+5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzItSzrRx3W+ntLa+sblV3q7s7O7tH1QPjx61zBSFDpVcqm5ENHCWQMcww6GbKiAi4uBH49uZ7z+B0kwmD2aSQijIMGExo8RYKbjwm4EUMCS46ferNbfuzoFXiVeQGirQ7le/goGkmYDEUE607nluasKcKMMoh2klyDSkhI7JEHqWJkSADvP5zVN8ZpUBjqWylRg8V39P5ERoPRGR7RTEjPSyNxP/83qZiW/CnCVpZiChi0VxxrGReBYAHjAF1PCJJYQqZm/FdEQUocbGVLEheMsvr5LHy7rXqF/dN2qtRhFHGZ2gU3SOPHSNWugOtVEHUZSiZ/SK3pzMeXHenY9Fa8kpZo7RHzifP63akMQ=</latexit>

lucamartino
Pencil

lucamartino
Pencil

lucamartino
Pencil

lucamartino
Pencil

lucamartino
Pencil

lucamartino
Pencil



STEP	  2	  
•  	  For	  step	  2,	  we	  need	  another	  expression	  of	  Xp(!)

<latexit sha1_base64="sgAyra3LeZ9tpmsOUc4flJbVI2U="></latexit>

	  	  	  	  	  	  	  FT	  con+nous	  +me	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  FT	  discrete	  +me	  

X(⌦)

<latexit sha1_base64="t4GNhSnpyUnId4KZbvc34+ZKD6w="></latexit>

Xp(!)

<latexit sha1_base64="EnNjdxrXW8atiwmEL3KZNSy798c="></latexit>



STEP	  2	  
•  	  Compare	  the	  expressions:	  

Xp(!)

<latexit sha1_base64="EnNjdxrXW8atiwmEL3KZNSy798c="></latexit>

X(⌦)

<latexit sha1_base64="t4GNhSnpyUnId4KZbvc34+ZKD6w="></latexit>

⌦ = !T

<latexit sha1_base64="L0pJ1XRsK7Oe+wJzLAytNiEcLN0="></latexit>

Xp(!) = X(⌦)
���
⌦=!T

<latexit sha1_base64="Ui5wMoSduCGKN9NENCOIfJoWBOA="></latexit>

X(⌦) = Xp(!)
���
!= ⌦

T

<latexit sha1_base64="wA2VLTu7XdPZRJKasJQJY6DTEwM="></latexit>



STEP	  2	  
•  graphically:	  

X(⌦) = Xp(!)
���
!= ⌦

T

<latexit sha1_base64="wA2VLTu7XdPZRJKasJQJY6DTEwM="></latexit>

X(⌦) = Xp(!)
���
!= ⌦

T

<latexit sha1_base64="wA2VLTu7XdPZRJKasJQJY6DTEwM="></latexit>

X(⌦)

<latexit sha1_base64="WN3qaNlPQELWTOFTAplH4g8f6tY="></latexit>

We have to multiply the scale by T

<latexit sha1_base64="WTimT5LglsLG4HXbJwjVvIiWkZs="></latexit>

lucamartino
Pencil

lucamartino
Pencil

lucamartino
Pencil

lucamartino
Pencil



STEP	  1	  +	  STEP	  2	  

X(⌦) = Xp(!)
���
!= ⌦

T

<latexit sha1_base64="wA2VLTu7XdPZRJKasJQJY6DTEwM="></latexit>

Xp(!) =
1
T

+1X

k=�1
X (! � k!s)

<latexit sha1_base64="T7KDfFnvFrIE31Ga48PoC6KqyrE="></latexit>

X(⌦) =
1
T

+1X

k=�1
X

✓
⌦
T
� k!s

◆

<latexit sha1_base64="xSECx31ZhhYOnL0D7/xLvGSE5vg="></latexit>

x(t)

<latexit sha1_base64="sh2M9F/+anhxDMyqy1G1vsGG+0k="></latexit>

x[n] = x(nT )

<latexit sha1_base64="DwOdl6lTcIGTOUuODLvxwk1hyfw="></latexit>

X(⌦) =
1
T

+1X

k=�1
X

✓
⌦
T
� k

2⇡

T

◆

<latexit sha1_base64="jv/AOcqQIKnavknMKbW8olffsFE="></latexit>

lucamartino
Typewritten Text
C

lucamartino
Typewritten Text
C

lucamartino
Typewritten Text
D

lucamartino
Typewritten Text
D

lucamartino
Typewritten Text

lucamartino
Typewritten Text
D

lucamartino
Typewritten Text

lucamartino
Typewritten Text

lucamartino
Text Box
pequeño cambio de notación X(omega) ==> Xc(omega)   --- FT de x(t) (tiempo continuo)X(Omega) ==> Xd(Omega) --- FT de x[n] (tiempo discreto)



STEP	  1	  +	  STEP	  2	  
•  graphically:	   X(!)

<latexit sha1_base64="zTrm+6o/4ePy4McAZym5GGKV950="></latexit>

Xp(!) =
1
T

+1X

k=�1
X (! � k!s)

<latexit sha1_base64="T7KDfFnvFrIE31Ga48PoC6KqyrE="></latexit>

X(⌦) = Xp(!)
���
!= ⌦

T

<latexit sha1_base64="wA2VLTu7XdPZRJKasJQJY6DTEwM="></latexit>

X(⌦) =
1
T

+1X

k=�1
X

✓
⌦
T
� k!s

◆

<latexit sha1_base64="xSECx31ZhhYOnL0D7/xLvGSE5vg="></latexit>

Effects:	  

" 	  REPLICAS	  in	  frequency	  at	  each	  	   
"  Periodic	  with	  period	  2π 

" The	  amplitud	  is	  divided	  by	  T 

" The	  scale	  is	  “expanded”	  by	  T 
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