
TOPIC	
  4	
  	
  
The	
  prac.cal	
  computa.on	
  of	
  Fourier	
  

(e.g.,	
  with	
  Matlab)	
  
PART	
  4	
  



Example	
  1	
  



Examples	
  with	
  Matlab	
  

Our	
  finite-­‐length	
   sequence	
  of	
   values	
   x[n]	
   (sampled	
   signal,	
  
data);	
  we	
  will	
  consider	
  real	
  signals	
  

Just	
  write	
  on	
  the	
  command	
  line	
  	
  



RECALL	
  

x(t) = cos(Wt)

<latexit sha1_base64="NNEltch+PqlGabBTRvdQveI2rP4=">AAAB9HicbVBNSwMxEM3Wr1q/qh69BIvQXsquVPQiFL14rGA/oF1KNs22odlkTWaLpfR3ePGgiFd/jDf/jWm7B219MPB4b4aZeUEsuAHX/XYya+sbm1vZ7dzO7t7+Qf7wqGFUoimrUyWUbgXEMMElqwMHwVqxZiQKBGsGw9uZ3xwxbbiSDzCOmR+RvuQhpwSs5D8VoXTdocoUm1Dq5gtu2Z0DrxIvJQWUotbNf3V6iiYRk0AFMabtuTH4E6KBU8GmuU5iWEzokPRZ21JJImb8yfzoKT6zSg+HStuSgOfq74kJiYwZR4HtjAgMzLI3E//z2gmEV/6EyzgBJuliUZgIDArPEsA9rhkFMbaEUM3trZgOiCYUbE45G4K3/PIqaZyXvUr54r5SqN6kcWTRCTpFReShS1RFd6iG6oiiR/SMXtGbM3JenHfnY9GacdKZY/QHzucPa5mROw==</latexit>

In	
  this	
  example	
  L=3	
  

x[n] = x(nT ) = cos(WnT )

<latexit sha1_base64="PIppn+I8cUXqmv9jIrNvH+i6tiI=">AAACDHicbVDLSgMxFM34rOOr6tLNYClMN2VGKropFN24rNAXtEPJpGkbmkmG5I60lH6AG3/FjQtF3PoB7vwb04egrQcCh3PO5eaeMOZMg+d9WWvrG5tb26kde3dv/+AwfXRc0zJRhFaJ5FI1QqwpZ4JWgQGnjVhRHIWc1sPBzdSv31OlmRQVGMU0iHBPsC4jGIzUTmeyQxdyxRaR2q1Dzh42RVAcuqLyoxlmUl7em8FZJf6CZNAC5Xb6s9WRJImoAMKx1k3fiyEYYwWMcDqxW4mmMSYD3KNNQwWOqA7Gs2MmTtYoHacrlXkCnJn6e2KMI61HUWiSEYa+Xvam4n9eM4HuVTBmIk6ACjJf1E24A9KZNuN0mKIE+MgQTBQzf3VIHytMwPRnmxL85ZNXSe087xfyF3eFTOl6UUcKnaIz5CIfXaISukVlVEUEPaAn9IJerUfr2Xqz3ufRNWsxc4L+wPr4Bh2XmSU=</latexit>

We	
  see	
  “samples”	
  in	
  a	
  temporal	
  
“window”…	
  (a	
  piece)	
  

t

<latexit sha1_base64="QDEXfe3YzG95lB2Pd+TVqmUy4gI=">AAACD3icbZDLSsNAFIYn9VbjrerSTbBU0k1JpKKbQtGNywq9QRvKZDpph04mYeZEWkrfwI2v4saFIm7duvNtnF4Ebf1h4OM/53Dm/H7MmQLH+TJSa+sbm1vpbXNnd2//IHN4VFdRIgmtkYhHsuljRTkTtAYMOG3GkuLQ57ThD26m9cY9lYpFogqjmHoh7gkWMIJBW53MWW5oQ77UJpGyG5A3c8OW8EpDW1R/TE0mdDJZp+DMZK2Cu4AsWqjSyXy2uxFJQiqAcKxUy3Vi8MZYAiOcTsx2omiMyQD3aEujwCFV3nh2z8TKaadrBZHUT4A1c39PjHGo1Cj0dWeIoa+Wa1Pzv1orgeDKGzMRJ0AFmS8KEm5BZE3DsbpMUgJ8pAETyfRfLdLHEhPQEZo6BHf55FWonxfcYuHirpgtXy/iSKMTdIps5KJLVEa3qIJqiKAH9IRe0KvxaDwbb8b7vDVlLGaO0R8ZH9+iU5nm</latexit>



RECALL	
  
x(t) = cos(Wt)

<latexit sha1_base64="NNEltch+PqlGabBTRvdQveI2rP4=">AAAB9HicbVBNSwMxEM3Wr1q/qh69BIvQXsquVPQiFL14rGA/oF1KNs22odlkTWaLpfR3ePGgiFd/jDf/jWm7B219MPB4b4aZeUEsuAHX/XYya+sbm1vZ7dzO7t7+Qf7wqGFUoimrUyWUbgXEMMElqwMHwVqxZiQKBGsGw9uZ3xwxbbiSDzCOmR+RvuQhpwSs5D8VoXTdocoUm1Dq5gtu2Z0DrxIvJQWUotbNf3V6iiYRk0AFMabtuTH4E6KBU8GmuU5iWEzokPRZ21JJImb8yfzoKT6zSg+HStuSgOfq74kJiYwZR4HtjAgMzLI3E//z2gmEV/6EyzgBJuliUZgIDArPEsA9rhkFMbaEUM3trZgOiCYUbE45G4K3/PIqaZyXvUr54r5SqN6kcWTRCTpFReShS1RFd6iG6oiiR/SMXtGbM3JenHfnY9GacdKZY/QHzucPa5mROw==</latexit>

t

<latexit sha1_base64="QDEXfe3YzG95lB2Pd+TVqmUy4gI=">AAACD3icbZDLSsNAFIYn9VbjrerSTbBU0k1JpKKbQtGNywq9QRvKZDpph04mYeZEWkrfwI2v4saFIm7duvNtnF4Ebf1h4OM/53Dm/H7MmQLH+TJSa+sbm1vpbXNnd2//IHN4VFdRIgmtkYhHsuljRTkTtAYMOG3GkuLQ57ThD26m9cY9lYpFogqjmHoh7gkWMIJBW53MWW5oQ77UJpGyG5A3c8OW8EpDW1R/TE0mdDJZp+DMZK2Cu4AsWqjSyXy2uxFJQiqAcKxUy3Vi8MZYAiOcTsx2omiMyQD3aEujwCFV3nh2z8TKaadrBZHUT4A1c39PjHGo1Cj0dWeIoa+Wa1Pzv1orgeDKGzMRJ0AFmS8KEm5BZE3DsbpMUgJ8pAETyfRfLdLHEhPQEZo6BHf55FWonxfcYuHirpgtXy/iSKMTdIps5KJLVEa3qIJqiKAH9IRe0KvxaDwbb8b7vDVlLGaO0R8ZH9+iU5nm</latexit>

!

<latexit sha1_base64="xKBDB6T1yix7054NoRIv6cSOJvk=">AAACFHicbZDLSgMxFIYz9VbHW9Wlm8FSaBHKjFR0Uyi6cVmhN2iHkknTNjSTDMkZaSl9CDe+ihsXirh14c63Mb0I2vpD4OM/53By/iDiTIPrflmJtfWNza3ktr2zu7d/kDo8qmkZK0KrRHKpGgHWlDNBq8CA00akKA4DTuvB4GZar99TpZkUFRhF1A9xT7AuIxiM1U6dZYZZyBVbROpsHXJ2ZtgUfnGYFZUf05DdkiHt4XYq7ebdmZxV8BaQRguV26nPVkeSOKQCCMdaNz03An+MFTDC6cRuxZpGmAxwjzYNChxS7Y9nR02cjHE6Tlcq8wQ4M/f3xBiHWo/CwHSGGPp6uTY1/6s1Y+he+WMmohioIPNF3Zg7IJ1pQk6HKUqAjwxgopj5q0P6WGECJkfbhOAtn7wKtfO8V8hf3BXSpetFHEl0gk5RFnnoEpXQLSqjKiLoAT2hF/RqPVrP1pv1Pm9NWIuZY/RH1sc3jLecCQ==</latexit>

W

<latexit sha1_base64="BaGGZAX7dTNX9Aru6LmHNRt7Fyo=">AAACF3icbZDLSgMxFIYzXut4G3XpZrAU2k2ZkYpuCkU3Liv0Bu1QMmnahmaSITkjLaVv4cZXceNCEbe6821ML4K2/hD4+M85nJw/jDnT4Hlf1tr6xubWdmrH3t3bPzh0jo5rWiaK0CqRXKpGiDXlTNAqMOC0ESuKo5DTeji4mdbr91RpJkUFRjENItwTrMsIBmO1nXxmmIVcsUWkztYhZ2eGTREUh1lR+TEN2ZmWjGgP2/W2k/by3kzuKvgLSKOFym3ns9WRJImoAMKx1k3fiyEYYwWMcDqxW4mmMSYD3KNNgwJHVAfj2V0TN2OcjtuVyjwB7sz9PTHGkdajKDSdEYa+Xq5Nzf9qzQS6V8GYiTgBKsh8UTfhLkh3GpLbYYoS4CMDmChm/uqSPlaYgInSNiH4yyevQu087xfyF3eFdOl6EUcKnaIzlEU+ukQldIvKqIoIekBP6AW9Wo/Ws/Vmvc9b16zFzAn6I+vjG++unK0=</latexit>

�W

<latexit sha1_base64="A+itC2SDPKAFCWoeHzXc4a3sZlU=">AAACGHicbZDLSgMxFIYz9VbHW9Wlm8FSaBfWGanoplB047JCb9AOJZOmbWgmGZIz0lL6GG58FTcuFHHbnW9jehG0+kPg4z/ncHL+IOJMg+t+Wom19Y3NreS2vbO7t3+QOjyqaRkrQqtEcqkaAdaUM0GrwIDTRqQoDgNO68HgdlavP1ClmRQVGEXUD3FPsC4jGIzVTp1nhlnIFVtE6mwdcnZm2BR+cZgVlW/TkJ1pyZD2sH1Wb6fSbt6dy/kL3hLSaKlyOzVtdSSJQyqAcKx103Mj8MdYASOcTuxWrGmEyQD3aNOgwCHV/nh+2MTJGKfjdKUyT4Azd39OjHGo9SgMTGeIoa9XazPzv1ozhu61P2YiioEKsljUjbkD0pml5HSYogT4yAAmipm/OqSPFSZgsrRNCN7qyX+hdpH3CvnL+0K6dLOMI4lO0CnKIg9doRK6Q2VURQQ9omf0it6sJ+vFerc+Fq0JazlzjH7Jmn4BZ1Kc5A==</latexit>

|X(!)|

<latexit sha1_base64="8GT/7EEeN60n3d3taCrJCH1HTGk="></latexit>

1/2

<latexit sha1_base64="5KMXrhQo/BOCdhS5KFb/LJjhAJI=">AAACHXicbZDLSgMxFIYz9VbHW9Wlm8EyUBfWmVLRTaXgxmWF3qAdSiZN22AmGZIz0lL6Im58FTcuFHHhRnwb04vg7YfAx3/O4eT8YcyZBs/7sFJLyyura+l1e2Nza3sns7tX1zJRhNaI5FI1Q6wpZ4LWgAGnzVhRHIWcNsKby2m9cUuVZlJUYRTTIMJ9wXqMYDBWJ1N0hzk4KrWJ1LkGHNnusCWC0jAnql+mIdtty4j2se0eN2z/pNDJZL28N5PzF/wFZNFClU7mrd2VJImoAMKx1i3fiyEYYwWMcDqx24mmMSY3uE9bBgWOqA7Gs+smjmucrtOTyjwBzsz9PjHGkdajKDSdEYaB/l2bmv/VWgn0zoMxE3ECVJD5ol7CHZDONCqnyxQlwEcGMFHM/NUhA6wwAROobULwf5/8F+qFvF/Mn14Xs+WLRRxpdIAOUQ756AyV0RWqoBoi6A49oCf0bN1bj9aL9TpvTVmLmX30Q9b7J45/ndM=</latexit>

1/2

<latexit sha1_base64="5KMXrhQo/BOCdhS5KFb/LJjhAJI=">AAACHXicbZDLSgMxFIYz9VbHW9Wlm8EyUBfWmVLRTaXgxmWF3qAdSiZN22AmGZIz0lL6Im58FTcuFHHhRnwb04vg7YfAx3/O4eT8YcyZBs/7sFJLyyura+l1e2Nza3sns7tX1zJRhNaI5FI1Q6wpZ4LWgAGnzVhRHIWcNsKby2m9cUuVZlJUYRTTIMJ9wXqMYDBWJ1N0hzk4KrWJ1LkGHNnusCWC0jAnql+mIdtty4j2se0eN2z/pNDJZL28N5PzF/wFZNFClU7mrd2VJImoAMKx1i3fiyEYYwWMcDqx24mmMSY3uE9bBgWOqA7Gs+smjmucrtOTyjwBzsz9PjHGkdajKDSdEYaB/l2bmv/VWgn0zoMxE3ECVJD5ol7CHZDONCqnyxQlwEcGMFHM/NUhA6wwAROobULwf5/8F+qFvF/Mn14Xs+WLRRxpdIAOUQ756AyV0RWqoBoi6A49oCf0bN1bj9aL9TpvTVmLmX30Q9b7J45/ndM=</latexit>

2W

<latexit sha1_base64="jYddfCx7vLNjuRp3T/EFM9wkC8Q=">AAACHHicbZDNSgMxFIUz9a+Of6Mu3QyWgXZhmamKbiqCG5cK1im0Q8mkaRuaSYbkjrQUH8SNr+LGhSJuXAi+jWmtoNYDgY9z7+XmnjjlTIPvf1i5ufmFxaX8sr2yura+4WxuXWuZKUJrRHKp6jHWlDNBa8CA03qqKE5iTsO4fzauhzdUaSbFFQxTGiW4K1iHEQzGajn73qAIpWqTSF0MoWR7g4aIqoOiuPo2DdleUya0i21vL7QrYcsp+GV/IncWgikU0FQXLeet2ZYkS6gAwrHWjcBPIRphBYxwems3M01TTPq4SxsGBU6ojkaT425dzzhttyOVeQLciftzYoQTrYdJbDoTDD39tzY2/6s1MugcRyMm0gyoIF+LOhl3QbrjpNw2U5QAHxrARDHzV5f0sMIETJ62CSH4e/IsXFfKwUH58PKgcHoyjSOPdtAuKqIAHaFTdI4uUA0RdIce0BN6tu6tR+vFev1qzVnTmW30S9b7J0yLncA=</latexit>

It	
  can	
  considered	
  the	
  
bandwidth	
  	
  

G

<latexit sha1_base64="2338PbtR9o19elAwnhb+rKn2JoQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseCBz22YGuhDWWznbRrN5uwuxFK6S/w4kERr/4kb/4bt20O2vpg4PHeDDPzwlRwbTzv2ymsrW9sbhW3Szu7e/sH5cOjlk4yxbDJEpGodkg1Ci6xabgR2E4V0jgU+BCObmb+wxMqzRN5b8YpBjEdSB5xRo2VGre9csVzvTnIKvFzUoEc9V75q9tPWBajNExQrTu+l5pgQpXhTOC01M00ppSN6AA7lkoaow4m80On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRdTDhMs0MSrZYFGWCmITMviZ9rpAZMbaEMsXtrYQNqaLM2GxKNgR/+eVV0rpw/ap72ahWam4eRxFO4BTOwYcrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AJiJjL8=</latexit>



RECALL:	
  do	
  we	
  saSsfy	
  Nyquist?	
  

ws =
2⇡

T
= 31.4159

<latexit sha1_base64="VdPSI8OcJi46tWsUN/x/qkMIPMI=">AAACF3icbZDLSsNAFIYnXmu8RV26CZaCq5DUFnVRKbhxZ4XeoAlhMp20QyYXZiZKCXkLN76KGxeKuNWdb+O0zUJbfxj4+M85nDm/l1DChWl+Kyura+sbm6UtdXtnd29fOzjs8jhlCHdQTGPW9yDHlES4I4iguJ8wDEOP4p4XXE/rvXvMOImjtpgk2AnhKCI+QVBIy9WMin0b4hF0g0ZQkKk+uLxh+wyirGonJM/aeePMMmpW/dLVyqZhzqQvg1VAGRRqudqXPYxRGuJIIAo5H1hmIpwMMkEQxblqpxwnEAVwhAcSIxhi7mSzu3K9Ip2h7sdMvkjoM/f3RAZDziehJztDKMZ8sTY1/6sNUuFfOBmJklTgCM0X+SnVRaxPQ9KHhGEk6EQCRIzIv+poDGUgQkapyhCsxZOXoVs1rJpRv6uVm1dFHCVwDE7AKbDAOWiCG9ACHYDAI3gGr+BNeVJelHflY966ohQzR+CPlM8fJAueAA==</latexit>

T = 0.2

<latexit sha1_base64="DMTBR3F+RSqeNh3+uTGrmXQmfvE="></latexit>

2W = 10

<latexit sha1_base64="AoFFBcygX//QkBv0Gua7Os4pOC8="></latexit>

ws � 2W

<latexit sha1_base64="OrpQHR7h36wrl7ySCeZwCjvC+wE="></latexit>

YES,	
  we	
  fulfill	
  Nyquist	
  !	
  

!

<latexit sha1_base64="xKBDB6T1yix7054NoRIv6cSOJvk=">AAACFHicbZDLSgMxFIYz9VbHW9Wlm8FSaBHKjFR0Uyi6cVmhN2iHkknTNjSTDMkZaSl9CDe+ihsXirh14c63Mb0I2vpD4OM/53By/iDiTIPrflmJtfWNza3ktr2zu7d/kDo8qmkZK0KrRHKpGgHWlDNBq8CA00akKA4DTuvB4GZar99TpZkUFRhF1A9xT7AuIxiM1U6dZYZZyBVbROpsHXJ2ZtgUfnGYFZUf05DdkiHt4XYq7ebdmZxV8BaQRguV26nPVkeSOKQCCMdaNz03An+MFTDC6cRuxZpGmAxwjzYNChxS7Y9nR02cjHE6Tlcq8wQ4M/f3xBiHWo/CwHSGGPp6uTY1/6s1Y+he+WMmohioIPNF3Zg7IJ1pQk6HKUqAjwxgopj5q0P6WGECJkfbhOAtn7wKtfO8V8hf3BXSpetFHEl0gk5RFnnoEpXQLSqjKiLoAT2hF/RqPVrP1pv1Pm9NWIuZY/RH1sc3jLecCQ==</latexit>

W

<latexit sha1_base64="BaGGZAX7dTNX9Aru6LmHNRt7Fyo=">AAACF3icbZDLSgMxFIYzXut4G3XpZrAU2k2ZkYpuCkU3Liv0Bu1QMmnahmaSITkjLaVv4cZXceNCEbe6821ML4K2/hD4+M85nJw/jDnT4Hlf1tr6xubWdmrH3t3bPzh0jo5rWiaK0CqRXKpGiDXlTNAqMOC0ESuKo5DTeji4mdbr91RpJkUFRjENItwTrMsIBmO1nXxmmIVcsUWkztYhZ2eGTREUh1lR+TEN2ZmWjGgP2/W2k/by3kzuKvgLSKOFym3ns9WRJImoAMKx1k3fiyEYYwWMcDqxW4mmMSYD3KNNgwJHVAfj2V0TN2OcjtuVyjwB7sz9PTHGkdajKDSdEYa+Xq5Nzf9qzQS6V8GYiTgBKsh8UTfhLkh3GpLbYYoS4CMDmChm/uqSPlaYgInSNiH4yyevQu087xfyF3eFdOl6EUcKnaIzlEU+ukQldIvKqIoIekBP6AW9Wo/Ws/Vmvc9b16zFzAn6I+vjG++unK0=</latexit>

�W

<latexit sha1_base64="A+itC2SDPKAFCWoeHzXc4a3sZlU=">AAACGHicbZDLSgMxFIYz9VbHW9Wlm8FSaBfWGanoplB047JCb9AOJZOmbWgmGZIz0lL6GG58FTcuFHHbnW9jehG0+kPg4z/ncHL+IOJMg+t+Wom19Y3NreS2vbO7t3+QOjyqaRkrQqtEcqkaAdaUM0GrwIDTRqQoDgNO68HgdlavP1ClmRQVGEXUD3FPsC4jGIzVTp1nhlnIFVtE6mwdcnZm2BR+cZgVlW/TkJ1pyZD2sH1Wb6fSbt6dy/kL3hLSaKlyOzVtdSSJQyqAcKx103Mj8MdYASOcTuxWrGmEyQD3aNOgwCHV/nh+2MTJGKfjdKUyT4Azd39OjHGo9SgMTGeIoa9XazPzv1ozhu61P2YiioEKsljUjbkD0pml5HSYogT4yAAmipm/OqSPFSZgsrRNCN7qyX+hdpH3CvnL+0K6dLOMI4lO0CnKIg9doRK6Q2VURQQ9omf0it6sJ+vFerc+Fq0JazlzjH7Jmn4BZ1Kc5A==</latexit>

|X(!)|

<latexit sha1_base64="8GT/7EEeN60n3d3taCrJCH1HTGk="></latexit>

1/2

<latexit sha1_base64="5KMXrhQo/BOCdhS5KFb/LJjhAJI=">AAACHXicbZDLSgMxFIYz9VbHW9Wlm8EyUBfWmVLRTaXgxmWF3qAdSiZN22AmGZIz0lL6Im58FTcuFHHhRnwb04vg7YfAx3/O4eT8YcyZBs/7sFJLyyura+l1e2Nza3sns7tX1zJRhNaI5FI1Q6wpZ4LWgAGnzVhRHIWcNsKby2m9cUuVZlJUYRTTIMJ9wXqMYDBWJ1N0hzk4KrWJ1LkGHNnusCWC0jAnql+mIdtty4j2se0eN2z/pNDJZL28N5PzF/wFZNFClU7mrd2VJImoAMKx1i3fiyEYYwWMcDqx24mmMSY3uE9bBgWOqA7Gs+smjmucrtOTyjwBzsz9PjHGkdajKDSdEYaB/l2bmv/VWgn0zoMxE3ECVJD5ol7CHZDONCqnyxQlwEcGMFHM/NUhA6wwAROobULwf5/8F+qFvF/Mn14Xs+WLRRxpdIAOUQ756AyV0RWqoBoi6A49oCf0bN1bj9aL9TpvTVmLmX30Q9b7J45/ndM=</latexit>

1/2

<latexit sha1_base64="5KMXrhQo/BOCdhS5KFb/LJjhAJI=">AAACHXicbZDLSgMxFIYz9VbHW9Wlm8EyUBfWmVLRTaXgxmWF3qAdSiZN22AmGZIz0lL6Im58FTcuFHHhRnwb04vg7YfAx3/O4eT8YcyZBs/7sFJLyyura+l1e2Nza3sns7tX1zJRhNaI5FI1Q6wpZ4LWgAGnzVhRHIWcNsKby2m9cUuVZlJUYRTTIMJ9wXqMYDBWJ1N0hzk4KrWJ1LkGHNnusCWC0jAnql+mIdtty4j2se0eN2z/pNDJZL28N5PzF/wFZNFClU7mrd2VJImoAMKx1i3fiyEYYwWMcDqx24mmMSY3uE9bBgWOqA7Gs+smjmucrtOTyjwBzsz9PjHGkdajKDSdEYaB/l2bmv/VWgn0zoMxE3ECVJD5ol7CHZDONCqnyxQlwEcGMFHM/NUhA6wwAROobULwf5/8F+qFvF/Mn14Xs+WLRRxpdIAOUQ756AyV0RWqoBoi6A49oCf0bN1bj9aL9TpvTVmLmX30Q9b7J45/ndM=</latexit>

2W

<latexit sha1_base64="jYddfCx7vLNjuRp3T/EFM9wkC8Q=">AAACHHicbZDNSgMxFIUz9a+Of6Mu3QyWgXZhmamKbiqCG5cK1im0Q8mkaRuaSYbkjrQUH8SNr+LGhSJuXAi+jWmtoNYDgY9z7+XmnjjlTIPvf1i5ufmFxaX8sr2yura+4WxuXWuZKUJrRHKp6jHWlDNBa8CA03qqKE5iTsO4fzauhzdUaSbFFQxTGiW4K1iHEQzGajn73qAIpWqTSF0MoWR7g4aIqoOiuPo2DdleUya0i21vL7QrYcsp+GV/IncWgikU0FQXLeet2ZYkS6gAwrHWjcBPIRphBYxwems3M01TTPq4SxsGBU6ojkaT425dzzhttyOVeQLciftzYoQTrYdJbDoTDD39tzY2/6s1MugcRyMm0gyoIF+LOhl3QbrjpNw2U5QAHxrARDHzV5f0sMIETJ62CSH4e/IsXFfKwUH58PKgcHoyjSOPdtAuKqIAHaFTdI4uUA0RdIce0BN6tu6tR+vFev1qzVnTmW30S9b7J0yLncA=</latexit>

It	
  can	
  considered	
  the	
  
bandwidth	
  	
  

G

<latexit sha1_base64="2338PbtR9o19elAwnhb+rKn2JoQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseCBz22YGuhDWWznbRrN5uwuxFK6S/w4kERr/4kb/4bt20O2vpg4PHeDDPzwlRwbTzv2ymsrW9sbhW3Szu7e/sH5cOjlk4yxbDJEpGodkg1Ci6xabgR2E4V0jgU+BCObmb+wxMqzRN5b8YpBjEdSB5xRo2VGre9csVzvTnIKvFzUoEc9V75q9tPWBajNExQrTu+l5pgQpXhTOC01M00ppSN6AA7lkoaow4m80On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRdTDhMs0MSrZYFGWCmITMviZ9rpAZMbaEMsXtrYQNqaLM2GxKNgR/+eVV0rpw/ap72ahWam4eRxFO4BTOwYcrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AJiJjL8=</latexit>



RECALL	
  

x(t) = cos(Wt)

<latexit sha1_base64="NNEltch+PqlGabBTRvdQveI2rP4=">AAAB9HicbVBNSwMxEM3Wr1q/qh69BIvQXsquVPQiFL14rGA/oF1KNs22odlkTWaLpfR3ePGgiFd/jDf/jWm7B219MPB4b4aZeUEsuAHX/XYya+sbm1vZ7dzO7t7+Qf7wqGFUoimrUyWUbgXEMMElqwMHwVqxZiQKBGsGw9uZ3xwxbbiSDzCOmR+RvuQhpwSs5D8VoXTdocoUm1Dq5gtu2Z0DrxIvJQWUotbNf3V6iiYRk0AFMabtuTH4E6KBU8GmuU5iWEzokPRZ21JJImb8yfzoKT6zSg+HStuSgOfq74kJiYwZR4HtjAgMzLI3E//z2gmEV/6EyzgBJuliUZgIDArPEsA9rhkFMbaEUM3trZgOiCYUbE45G4K3/PIqaZyXvUr54r5SqN6kcWTRCTpFReShS1RFd6iG6oiiR/SMXtGbM3JenHfnY9GacdKZY/QHzucPa5mROw==</latexit>

x[n] = x(nT ) = cos(WnT )

<latexit sha1_base64="PIppn+I8cUXqmv9jIrNvH+i6tiI=">AAACDHicbVDLSgMxFM34rOOr6tLNYClMN2VGKropFN24rNAXtEPJpGkbmkmG5I60lH6AG3/FjQtF3PoB7vwb04egrQcCh3PO5eaeMOZMg+d9WWvrG5tb26kde3dv/+AwfXRc0zJRhFaJ5FI1QqwpZ4JWgQGnjVhRHIWc1sPBzdSv31OlmRQVGMU0iHBPsC4jGIzUTmeyQxdyxRaR2q1Dzh42RVAcuqLyoxlmUl7em8FZJf6CZNAC5Xb6s9WRJImoAMKx1k3fiyEYYwWMcDqxW4mmMSYD3KNNQwWOqA7Gs2MmTtYoHacrlXkCnJn6e2KMI61HUWiSEYa+Xvam4n9eM4HuVTBmIk6ACjJf1E24A9KZNuN0mKIE+MgQTBQzf3VIHytMwPRnmxL85ZNXSe087xfyF3eFTOl6UUcKnaIz5CIfXaISukVlVEUEPaAn9IJerUfr2Xqz3ufRNWsxc4L+wPr4Bh2XmSU=</latexit>

However,	
  we	
  have/see	
  just	
  a	
  FINITE	
  number	
  
of	
  values…	
  sampled	
  at	
  each	
  Sme	
  T:	
  

X(⌦)

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

XN [k]

<latexit sha1_base64="V/cl6bZqYbxSYxxwdHWLozT+mLk=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVFj0WvXiSCvYDtkvJptk2NpssSVYoS/+DFw+KePX/ePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbVMFaEtIrlU3RBrypmgLcMMp91EURyHnHbC8c3M7zxRpZkUD2aS0CDGQ8EiRrCxUrvbv/PHQb9ccavuHGiVeDmpQI5mv/zVG0iSxlQYwrHWvucmJsiwMoxwOi31Uk0TTMZ4SH1LBY6pDrL5tVN0ZpUBiqSyJQyaq78nMhxrPYlD2xljM9LL3kz8z/NTE10FGRNJaqggi0VRypGRaPY6GjBFieETSzBRzN6KyAgrTIwNqGRD8JZfXiXti6pXq9bva5XGdR5HEU7gFM7Bg0towC00oQUEHuEZXuHNkc6L8+58LFoLTj5zDH/gfP4ANZSO5g==</latexit>

But	
  we	
  compute	
  DFT/FFT:	
  

Just	
  a	
  finite	
  
number	
  of	
  
values	
  	
  



RECALL	
  
Matlab	
  returns	
  N>=L	
  complex	
  numbers:	
  

XN [0], XN [1], XN [2]..., XN [N � 1]

<latexit sha1_base64="CjNNb2yVpxNNsccphHbCXUXK2Lc="></latexit>

⌦0

<latexit sha1_base64="19B/8Q3tudRibR4+pGhbHZ0OqxU="></latexit>

(N � 1)⌦0

<latexit sha1_base64="J2qmcwPxfxdIl9rcRBP9DZZL6ZQ="></latexit>

0

<latexit sha1_base64="zWg9splX0D5BfDOgKPoZDx0EH6Q="></latexit>

2⌦0

<latexit sha1_base64="fSAk4VOk6T48lUcFhUOd+8EgGAw="></latexit>

⌦0 =
2⇡

N

<latexit sha1_base64="6vJw6sg7TNpJ0BGjtHL3IYmyl0I="></latexit>

XN [k] = X(⌦)
���
k⌦0

= X (k⌦0)

<latexit sha1_base64="u9+XJs2ZLniu/nkBu9n91RBJ9fw="></latexit>

XN [k] = X(⌦)
���
k 2⇡

N

= X

✓
k

2⇡

N

◆

<latexit sha1_base64="cHEZgPP7eV6vh3TKxEm6Y9zCDfo="></latexit>

N � L

<latexit sha1_base64="AB3fH4IL4MrgVOVapwXCaejU1fc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BLx5EIpgHJEuYnXSSIbOz68ysEJZ8hBcPinj1e7z5N06SPWhiQUNR1U13VxALro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6HrqN59QaR7JBzOO0Q/pQPI+Z9RYqXnXGeAjue0WS27ZnYEsEy8jJchQ6xa/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/Ozp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPQv/ZTLODEo2XxRPxHERGT6O+lxhcyIsSWUKW5vJWxIFWXGJlSwIXiLLy+TxlnZq5TP7yul6lUWRx6O4BhOwYMLqMIN1KAODEbwDK/w5sTOi/PufMxbc042cwh/4Hz+AJ3cjxs=</latexit>

In	
  this	
  
example	
  
L=51	
  



Examples	
  with	
  Matlab	
  

x(nT )

<latexit sha1_base64="I05r0WRQd8V3zoh41nTdS7qrpH4=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSLUS9mVip6k4MVjhW5baJeSTbNtaDZZkqxYlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v5219Y3Nre3CTnF3b//gsHR03NIyVYT6RHKpOiHWlDNBfcMMp51EURyHnLbD8d3Mbz9SpZkUTTNJaBDjoWARI9hYyX+qiOZFv1R2q+4caJV4OSlDjka/9NUbSJLGVBjCsdZdz01MkGFlGOF0WuylmiaYjPGQdi0VOKY6yObHTtG5VQYoksqWMGiu/p7IcKz1JA5tZ4zNSC97M/E/r5ua6CbImEhSQwVZLIpSjoxEs8/RgClKDJ9Ygoli9lZERlhhYmw+RRuCt/zyKmldVr1a9eqhVq7f5nEU4BTOoAIeXEMd7qEBPhBg8Ayv8OYI58V5dz4WrWtOPnMCf+B8/gAfuo47</latexit>

t

<latexit sha1_base64="KEB0o58nhYKD7u2xCfSSk1aS1JA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoicpePHYgq2FNpTNdtOu3WzC7kQoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYW9/Y3Cpul3Z29/YPyodHbROnmvEWi2WsOwE1XArFWyhQ8k6iOY0CyR+C8e3Mf3ji2ohY3eMk4X5Eh0qEglG0UhP75Ypbdecgq8TLSQVyNPrlr94gZmnEFTJJjel6boJ+RjUKJvm01EsNTygb0yHvWqpoxI2fzQ+dkjOrDEgYa1sKyVz9PZHRyJhJFNjOiOLILHsz8T+vm2J47WdCJSlyxRaLwlQSjMnsazIQmjOUE0so08LeStiIasrQZlOyIXjLL6+S9kXVq1Uvm7VK/SaPowgncArn4MEV1OEOGtACBhye4RXenEfnxXl3PhatBSefOYY/cD5/AOGNjPw=</latexit>



Examples	
  with	
  Matlab	
  

Fast	
  Fourier	
  Transform	
  (FFT)	
  XN [k]

<latexit sha1_base64="V/cl6bZqYbxSYxxwdHWLozT+mLk=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVFj0WvXiSCvYDtkvJptk2NpssSVYoS/+DFw+KePX/ePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbVMFaEtIrlU3RBrypmgLcMMp91EURyHnHbC8c3M7zxRpZkUD2aS0CDGQ8EiRrCxUrvbv/PHQb9ccavuHGiVeDmpQI5mv/zVG0iSxlQYwrHWvucmJsiwMoxwOi31Uk0TTMZ4SH1LBY6pDrL5tVN0ZpUBiqSyJQyaq78nMhxrPYlD2xljM9LL3kz8z/NTE10FGRNJaqggi0VRypGRaPY6GjBFieETSzBRzN6KyAgrTIwNqGRD8JZfXiXti6pXq9bva5XGdR5HEU7gFM7Bg0towC00oQUEHuEZXuHNkc6L8+58LFoLTj5zDH/gfP4ANZSO5g==</latexit>

In	
  this	
  example:	
  L=51	
  



Examples	
  with	
  Matlab	
  

L=51	
  
N=L	
  |XN [k]|

<latexit sha1_base64="2wHhwDC2uFrYym4sip527trdzd4=">AAAB73icbVBNT8JAEJ3iF+IX6tHLRmLiibQGokeiF08GE4EmpSHbZQsbttu6uzUhhT/hxYPGePXvePPfuEAPCr5kkpf3ZjIzL0g4U9q2v63C2vrG5lZxu7Szu7d/UD48aqs4lYS2SMxj6QZYUc4EbWmmOXUTSXEUcNoJRjczv/NEpWKxeNDjhPoRHggWMoK1kdyJ27vzRv6kV67YVXsOtEqcnFQgR7NX/ur2Y5JGVGjCsVKeYyfaz7DUjHA6LXVTRRNMRnhAPUMFjqjys/m9U3RmlD4KY2lKaDRXf09kOFJqHAWmM8J6qJa9mfif56U6vPIzJpJUU0EWi8KUIx2j2fOozyQlmo8NwUQycysiQywx0SaikgnBWX55lbQvqk6tWr+vVRrXeRxFOIFTOAcHLqEBt9CEFhDg8Ayv8GY9Wi/Wu/WxaC1Y+cwx/IH1+QP87Y/y</latexit>



In	
  the	
  “Omega	
  domain”	
  (discrete	
  Sme)	
  

N=L=51	
  

2⇡

<latexit sha1_base64="iJPgbXPNZGzRNoO2wnd0KanAjWo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKRY9FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzQHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf5vSeqNIvko5nH1Bd4IlnICDaZ1BjGbFStuXU3B1onXkFqUKA9qn4NxxFJBJWGcKz1wHNj46dYGUY4XVSGiaYxJjM8oQNLJRZU+2l+6wJdWGWMwkjZkgbl6u+JFAut5yKwnQKbqV71MvE/b5CY8MZPmYwTQyVZLgoTjkyEssfRmClKDJ9bgoli9lZEplhhYmw8FRuCt/ryOuk26l6zfvXQrLVuizjKcAbncAkeXEML7qENHSAwhWd4hTdHOC/Ou/OxbC05xcwp/IHz+QPDm44R</latexit>

|X(k⌦0)|

<latexit sha1_base64="0Rv0veYrsWvag5Hyy5xu9gCVG4A=">AAAB9XicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JrMHokevEmJvKRwEq6pQsNbXfTdjUE+B9ePGiMV/+LN/+NBfag4EsmeXlvJjPzgpgzbVz328msrK6tb2Q3c1vbO7t7+f2Duo4SRWiNRDxSzQBrypmkNcMMp81YUSwCThvB4HrqNx6p0iyS92YYU1/gnmQhI9hY6WHcLA7at4L2cMc9HXfyBbfkzoCWiZeSAqSodvJf7W5EEkGlIRxr3fLc2PgjrAwjnE5y7UTTGJMB7tGWpRILqv3R7OoJOrFKF4WRsiUNmqm/J0ZYaD0Uge0U2PT1ojcV//NaiQkv/RGTcWKoJPNFYcKRidA0AtRlihLDh5Zgopi9FZE+VpgYG1TOhuAtvrxM6mclr1w6vysXKldpHFk4gmMoggcXUIEbqEINCCh4hld4c56cF+fd+Zi3Zpx05hD+wPn8AZe0ke4=</latexit>

|X(⌦)|⌦=k⌦0

<latexit sha1_base64="iC+CMivokbWraY7BwbC4w2CRW7g=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEi1E2ZkYpuhKIbd1awF2iHIZOmbWiSGZKMUKbdufFV3LhQxK2v4M63Me3MQlsPhHz8/zkk5w8iRpV2nG8rt7S8srqWXy9sbG5t79i7ew0VxhKTOg5ZKFsBUoRRQeqaakZakSSIB4w0g+H11G8+EKloKO71KCIeR31BexQjbSTfPhy3Sp1bTvroZOwnKV0O09t3Jr5ddMrOrOAiuBkUQVY13/7qdEMccyI0ZkiptutE2kuQ1BQzMil0YkUihIeoT9oGBeJEeclsjwk8NkoX9kJpjtBwpv6eSBBXasQD08mRHqh5byr+57Vj3bvwEiqiWBOB04d6MYM6hNNQYJdKgjUbGUBYUvNXiAdIIqxNdAUTgju/8iI0TstupXx2VylWr7I48uAAHIEScME5qIIbUAN1gMEjeAav4M16sl6sd+sjbc1Z2cw++FPW5w8l4Jjd</latexit>

⌦0 =
2⇡

N

<latexit sha1_base64="6vJw6sg7TNpJ0BGjtHL3IYmyl0I="></latexit>

=0.1232	
  

⌦k = k⌦0

<latexit sha1_base64="AqiTz1LMJA7xSC2aZn7gauNl7KU=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFcFUSUXQjFN24s4K9QBvCZDpph0wmYWYiltBXceNCEbe+iDvfxmmbhbb+MPDxn3M4Z/4g5Uxpx/m2Siura+sb5c3K1vbO7p69X22rJJOEtkjCE9kNsKKcCdrSTHPaTSXFccBpJ4hupvXOI5WKJeJBj1PqxXgoWMgI1sby7Wr/LqZD7EdXUUGOb9ecujMTWga3gBoUavr2V3+QkCymQhOOleq5Tqq9HEvNCKeTSj9TNMUkwkPaMyhwTJWXz26foGPjDFCYSPOERjP390SOY6XGcWA6Y6xHarE2Nf+r9TIdXno5E2mmqSDzRWHGkU7QNAg0YJISzccGMJHM3IrICEtMtImrYkJwF7+8DO3TuntWP78/qzWuizjKcAhHcAIuXEADbqEJLSDwBM/wCm/WxHqx3q2PeWvJKmYO4I+szx9Di5Py</latexit>

Each	
  point	
  corresponds	
  to	
  
the	
  frequency:	
  

⇡

<latexit sha1_base64="Hh2iBgz6LeDToD3j0D7efnnhUQQ="></latexit>



In	
  the	
  “omega	
  domain”	
  (conSnuous	
  Sme)	
  



In	
  the	
  “omega	
  domain”	
  (conSnuous	
  Sme)	
  

|X(!)|!=k!0

<latexit sha1_base64="kRXfUTe+Wpr61faTwXy+qSd9XXA="></latexit>

!0 =
⌦0

T
=

2⇡

NT
= 0.6160

<latexit sha1_base64="YZ5Y9tWK0RJeD6WnU8+ul/TNnUI="></latexit>

!s

2

<latexit sha1_base64="Qy5ex4SKsLAP5+pIYVssz7lRh9c="></latexit>

!s

<latexit sha1_base64="FCcmi5XubKpRl9vMHVc8taFqpM4="></latexit>

ws =
2⇡

T
= 31.4159

<latexit sha1_base64="6oNYGyapn5H82oNm9RChYkHYoIE="></latexit>

!k = k!0 =
2⇡k

NT

<latexit sha1_base64="M5DQlc/8g+kgN78EdszwxXGYEHk="></latexit>

Each	
  point	
  corresponds	
  to	
  
the	
  frequency:	
  



In	
  the	
  “omega	
  domain”	
  (conSnuous	
  Sme)	
  

|X(!)|!=k!0

<latexit sha1_base64="kRXfUTe+Wpr61faTwXy+qSd9XXA="></latexit>

!s

2

<latexit sha1_base64="Qy5ex4SKsLAP5+pIYVssz7lRh9c="></latexit>



In	
  the	
  “omega	
  domain”	
  (conSnuous	
  Sme)	
  
|X(!)|!=k!0

<latexit sha1_base64="kRXfUTe+Wpr61faTwXy+qSd9XXA="></latexit>

As	
  we	
  expect	
  since	
  W=5	
  

Due	
  to	
  the	
  finite	
  length	
  
of	
  x[n]=x(nT)…..	
  



Example	
  2	
  



Now	
  consider….	
  

x(t) = cos(Wt)

<latexit sha1_base64="NNEltch+PqlGabBTRvdQveI2rP4=">AAAB9HicbVBNSwMxEM3Wr1q/qh69BIvQXsquVPQiFL14rGA/oF1KNs22odlkTWaLpfR3ePGgiFd/jDf/jWm7B219MPB4b4aZeUEsuAHX/XYya+sbm1vZ7dzO7t7+Qf7wqGFUoimrUyWUbgXEMMElqwMHwVqxZiQKBGsGw9uZ3xwxbbiSDzCOmR+RvuQhpwSs5D8VoXTdocoUm1Dq5gtu2Z0DrxIvJQWUotbNf3V6iiYRk0AFMabtuTH4E6KBU8GmuU5iWEzokPRZ21JJImb8yfzoKT6zSg+HStuSgOfq74kJiYwZR4HtjAgMzLI3E//z2gmEV/6EyzgBJuliUZgIDArPEsA9rhkFMbaEUM3trZgOiCYUbE45G4K3/PIqaZyXvUr54r5SqN6kcWTRCTpFReShS1RFd6iG6oiiR/SMXtGbM3JenHfnY9GacdKZY/QHzucPa5mROw==</latexit>

W = 20

<latexit sha1_base64="ZO9XP7ZnYSQCgJ5+qHf3Bg1cKr8=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktLXoRil48VrAf0C4lm2bb0CS7JFmhLP0LXjwo4tU/5M1/Y7bdg7Y+GHi8N8PMvCDmTBvX/XYKG5tb2zvF3dLe/sHhUfn4pKOjRBHaJhGPVC/AmnImadsww2kvVhSLgNNuML3L/O4TVZpF8tHMYuoLPJYsZASbTOre1NxhueJW3QXQOvFyUoEcrWH5azCKSCKoNIRjrfueGxs/xcowwum8NEg0jTGZ4jHtWyqxoNpPF7fO0YVVRiiMlC1p0EL9PZFiofVMBLZTYDPRq14m/uf1ExNe+ymTcWKoJMtFYcKRiVD2OBoxRYnhM0swUczeisgEK0yMjadkQ/BWX14nnVrVq1cbD/VK8zaPowhncA6X4MEVNOEeWtAGAhN4hld4c4Tz4rw7H8vWgpPPnMIfOJ8/GEqNoA==</latexit>



NOW:	
  do	
  we	
  saSsfy	
  Nyquist?	
  

ws =
2⇡

T
= 31.4159

<latexit sha1_base64="VdPSI8OcJi46tWsUN/x/qkMIPMI=">AAACF3icbZDLSsNAFIYnXmu8RV26CZaCq5DUFnVRKbhxZ4XeoAlhMp20QyYXZiZKCXkLN76KGxeKuNWdb+O0zUJbfxj4+M85nDm/l1DChWl+Kyura+sbm6UtdXtnd29fOzjs8jhlCHdQTGPW9yDHlES4I4iguJ8wDEOP4p4XXE/rvXvMOImjtpgk2AnhKCI+QVBIy9WMin0b4hF0g0ZQkKk+uLxh+wyirGonJM/aeePMMmpW/dLVyqZhzqQvg1VAGRRqudqXPYxRGuJIIAo5H1hmIpwMMkEQxblqpxwnEAVwhAcSIxhi7mSzu3K9Ip2h7sdMvkjoM/f3RAZDziehJztDKMZ8sTY1/6sNUuFfOBmJklTgCM0X+SnVRaxPQ9KHhGEk6EQCRIzIv+poDGUgQkapyhCsxZOXoVs1rJpRv6uVm1dFHCVwDE7AKbDAOWiCG9ACHYDAI3gGr+BNeVJelHflY966ohQzR+CPlM8fJAueAA==</latexit>

T = 0.2

<latexit sha1_base64="DMTBR3F+RSqeNh3+uTGrmXQmfvE="></latexit>

2W = 40

<latexit sha1_base64="sgM+DHa10nT9Q34fd80DWduhtD0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Kkmp6EUoevFYwbSFNpTNdtIu3WzC7kYopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1PBtXHdb2dtfWNza7uwU9zd2z84LB0dN3WSKYY+S0Si2iHVKLhE33AjsJ0qpHEosBWO7mZ+6wmV5ol8NOMUg5gOJI84o8ZKfrV1U3N7pbJbcecgq8TLSRlyNHqlr24/YVmM0jBBte54bmqCCVWGM4HTYjfTmFI2ogPsWCppjDqYzI+dknOr9EmUKFvSkLn6e2JCY63HcWg7Y2qGetmbif95ncxE18GEyzQzKNliUZQJYhIy+5z0uUJmxNgSyhS3txI2pIoyY/Mp2hC85ZdXSbNa8WqVy4dauX6bx1GAUziDC/DgCupwDw3wgQGHZ3iFN0c6L86787FoXXPymRP4A+fzB4zOjd4=</latexit>

ws � 2W

<latexit sha1_base64="OrpQHR7h36wrl7ySCeZwCjvC+wE="></latexit>

NO,	
  we	
  DO	
  NOT	
  fulfill	
  
Nyquist	
  !	
  

!

<latexit sha1_base64="xKBDB6T1yix7054NoRIv6cSOJvk=">AAACFHicbZDLSgMxFIYz9VbHW9Wlm8FSaBHKjFR0Uyi6cVmhN2iHkknTNjSTDMkZaSl9CDe+ihsXirh14c63Mb0I2vpD4OM/53By/iDiTIPrflmJtfWNza3ktr2zu7d/kDo8qmkZK0KrRHKpGgHWlDNBq8CA00akKA4DTuvB4GZar99TpZkUFRhF1A9xT7AuIxiM1U6dZYZZyBVbROpsHXJ2ZtgUfnGYFZUf05DdkiHt4XYq7ebdmZxV8BaQRguV26nPVkeSOKQCCMdaNz03An+MFTDC6cRuxZpGmAxwjzYNChxS7Y9nR02cjHE6Tlcq8wQ4M/f3xBiHWo/CwHSGGPp6uTY1/6s1Y+he+WMmohioIPNF3Zg7IJ1pQk6HKUqAjwxgopj5q0P6WGECJkfbhOAtn7wKtfO8V8hf3BXSpetFHEl0gk5RFnnoEpXQLSqjKiLoAT2hF/RqPVrP1pv1Pm9NWIuZY/RH1sc3jLecCQ==</latexit>

W

<latexit sha1_base64="BaGGZAX7dTNX9Aru6LmHNRt7Fyo=">AAACF3icbZDLSgMxFIYzXut4G3XpZrAU2k2ZkYpuCkU3Liv0Bu1QMmnahmaSITkjLaVv4cZXceNCEbe6821ML4K2/hD4+M85nJw/jDnT4Hlf1tr6xubWdmrH3t3bPzh0jo5rWiaK0CqRXKpGiDXlTNAqMOC0ESuKo5DTeji4mdbr91RpJkUFRjENItwTrMsIBmO1nXxmmIVcsUWkztYhZ2eGTREUh1lR+TEN2ZmWjGgP2/W2k/by3kzuKvgLSKOFym3ns9WRJImoAMKx1k3fiyEYYwWMcDqxW4mmMSYD3KNNgwJHVAfj2V0TN2OcjtuVyjwB7sz9PTHGkdajKDSdEYa+Xq5Nzf9qzQS6V8GYiTgBKsh8UTfhLkh3GpLbYYoS4CMDmChm/uqSPlaYgInSNiH4yyevQu087xfyF3eFdOl6EUcKnaIzlEU+ukQldIvKqIoIekBP6AW9Wo/Ws/Vmvc9b16zFzAn6I+vjG++unK0=</latexit>

�W

<latexit sha1_base64="A+itC2SDPKAFCWoeHzXc4a3sZlU=">AAACGHicbZDLSgMxFIYz9VbHW9Wlm8FSaBfWGanoplB047JCb9AOJZOmbWgmGZIz0lL6GG58FTcuFHHbnW9jehG0+kPg4z/ncHL+IOJMg+t+Wom19Y3NreS2vbO7t3+QOjyqaRkrQqtEcqkaAdaUM0GrwIDTRqQoDgNO68HgdlavP1ClmRQVGEXUD3FPsC4jGIzVTp1nhlnIFVtE6mwdcnZm2BR+cZgVlW/TkJ1pyZD2sH1Wb6fSbt6dy/kL3hLSaKlyOzVtdSSJQyqAcKx103Mj8MdYASOcTuxWrGmEyQD3aNOgwCHV/nh+2MTJGKfjdKUyT4Azd39OjHGo9SgMTGeIoa9XazPzv1ozhu61P2YiioEKsljUjbkD0pml5HSYogT4yAAmipm/OqSPFSZgsrRNCN7qyX+hdpH3CvnL+0K6dLOMI4lO0CnKIg9doRK6Q2VURQQ9omf0it6sJ+vFerc+Fq0JazlzjH7Jmn4BZ1Kc5A==</latexit>

|X(!)|

<latexit sha1_base64="8GT/7EEeN60n3d3taCrJCH1HTGk="></latexit>

1/2

<latexit sha1_base64="5KMXrhQo/BOCdhS5KFb/LJjhAJI=">AAACHXicbZDLSgMxFIYz9VbHW9Wlm8EyUBfWmVLRTaXgxmWF3qAdSiZN22AmGZIz0lL6Im58FTcuFHHhRnwb04vg7YfAx3/O4eT8YcyZBs/7sFJLyyura+l1e2Nza3sns7tX1zJRhNaI5FI1Q6wpZ4LWgAGnzVhRHIWcNsKby2m9cUuVZlJUYRTTIMJ9wXqMYDBWJ1N0hzk4KrWJ1LkGHNnusCWC0jAnql+mIdtty4j2se0eN2z/pNDJZL28N5PzF/wFZNFClU7mrd2VJImoAMKx1i3fiyEYYwWMcDqx24mmMSY3uE9bBgWOqA7Gs+smjmucrtOTyjwBzsz9PjHGkdajKDSdEYaB/l2bmv/VWgn0zoMxE3ECVJD5ol7CHZDONCqnyxQlwEcGMFHM/NUhA6wwAROobULwf5/8F+qFvF/Mn14Xs+WLRRxpdIAOUQ756AyV0RWqoBoi6A49oCf0bN1bj9aL9TpvTVmLmX30Q9b7J45/ndM=</latexit>

1/2

<latexit sha1_base64="5KMXrhQo/BOCdhS5KFb/LJjhAJI=">AAACHXicbZDLSgMxFIYz9VbHW9Wlm8EyUBfWmVLRTaXgxmWF3qAdSiZN22AmGZIz0lL6Im58FTcuFHHhRnwb04vg7YfAx3/O4eT8YcyZBs/7sFJLyyura+l1e2Nza3sns7tX1zJRhNaI5FI1Q6wpZ4LWgAGnzVhRHIWcNsKby2m9cUuVZlJUYRTTIMJ9wXqMYDBWJ1N0hzk4KrWJ1LkGHNnusCWC0jAnql+mIdtty4j2se0eN2z/pNDJZL28N5PzF/wFZNFClU7mrd2VJImoAMKx1i3fiyEYYwWMcDqx24mmMSY3uE9bBgWOqA7Gs+smjmucrtOTyjwBzsz9PjHGkdajKDSdEYaB/l2bmv/VWgn0zoMxE3ECVJD5ol7CHZDONCqnyxQlwEcGMFHM/NUhA6wwAROobULwf5/8F+qFvF/Mn14Xs+WLRRxpdIAOUQ756AyV0RWqoBoi6A49oCf0bN1bj9aL9TpvTVmLmX30Q9b7J45/ndM=</latexit>

2W

<latexit sha1_base64="jYddfCx7vLNjuRp3T/EFM9wkC8Q=">AAACHHicbZDNSgMxFIUz9a+Of6Mu3QyWgXZhmamKbiqCG5cK1im0Q8mkaRuaSYbkjrQUH8SNr+LGhSJuXAi+jWmtoNYDgY9z7+XmnjjlTIPvf1i5ufmFxaX8sr2yura+4WxuXWuZKUJrRHKp6jHWlDNBa8CA03qqKE5iTsO4fzauhzdUaSbFFQxTGiW4K1iHEQzGajn73qAIpWqTSF0MoWR7g4aIqoOiuPo2DdleUya0i21vL7QrYcsp+GV/IncWgikU0FQXLeet2ZYkS6gAwrHWjcBPIRphBYxwems3M01TTPq4SxsGBU6ojkaT425dzzhttyOVeQLciftzYoQTrYdJbDoTDD39tzY2/6s1MugcRyMm0gyoIF+LOhl3QbrjpNw2U5QAHxrARDHzV5f0sMIETJ62CSH4e/IsXFfKwUH58PKgcHoyjSOPdtAuKqIAHaFTdI4uUA0RdIce0BN6tu6tR+vFev1qzVnTmW30S9b7J0yLncA=</latexit>

It	
  can	
  considered	
  the	
  
bandwidth	
  	
  

G

<latexit sha1_base64="2338PbtR9o19elAwnhb+rKn2JoQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseCBz22YGuhDWWznbRrN5uwuxFK6S/w4kERr/4kb/4bt20O2vpg4PHeDDPzwlRwbTzv2ymsrW9sbhW3Szu7e/sH5cOjlk4yxbDJEpGodkg1Ci6xabgR2E4V0jgU+BCObmb+wxMqzRN5b8YpBjEdSB5xRo2VGre9csVzvTnIKvFzUoEc9V75q9tPWBajNExQrTu+l5pgQpXhTOC01M00ppSN6AA7lkoaow4m80On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRdTDhMs0MSrZYFGWCmITMviZ9rpAZMbaEMsXtrYQNqaLM2GxKNgR/+eVV0rpw/ap72ahWam4eRxFO4BTOwYcrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AJiJjL8=</latexit>



Examples	
  with	
  Matlab	
  
x(nT )

<latexit sha1_base64="I05r0WRQd8V3zoh41nTdS7qrpH4=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSLUS9mVip6k4MVjhW5baJeSTbNtaDZZkqxYlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v5219Y3Nre3CTnF3b//gsHR03NIyVYT6RHKpOiHWlDNBfcMMp51EURyHnLbD8d3Mbz9SpZkUTTNJaBDjoWARI9hYyX+qiOZFv1R2q+4caJV4OSlDjka/9NUbSJLGVBjCsdZdz01MkGFlGOF0WuylmiaYjPGQdi0VOKY6yObHTtG5VQYoksqWMGiu/p7IcKz1JA5tZ4zNSC97M/E/r5ua6CbImEhSQwVZLIpSjoxEs8/RgClKDJ9Ygoli9lZERlhhYmw+RRuCt/zyKmldVr1a9eqhVq7f5nEU4BTOoAIeXEMd7qEBPhBg8Ayv8OYI58V5dz4WrWtOPnMCf+B8/gAfuo47</latexit>

t

<latexit sha1_base64="KEB0o58nhYKD7u2xCfSSk1aS1JA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoicpePHYgq2FNpTNdtOu3WzC7kQoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYW9/Y3Cpul3Z29/YPyodHbROnmvEWi2WsOwE1XArFWyhQ8k6iOY0CyR+C8e3Mf3ji2ohY3eMk4X5Eh0qEglG0UhP75Ypbdecgq8TLSQVyNPrlr94gZmnEFTJJjel6boJ+RjUKJvm01EsNTygb0yHvWqpoxI2fzQ+dkjOrDEgYa1sKyVz9PZHRyJhJFNjOiOLILHsz8T+vm2J47WdCJSlyxRaLwlQSjMnsazIQmjOUE0so08LeStiIasrQZlOyIXjLL6+S9kXVq1Uvm7VK/SaPowgncArn4MEV1OEOGtACBhye4RXenEfnxXl3PhatBSefOYY/cD5/AOGNjPw=</latexit>



Examples	
  with	
  Matlab	
  

Fast	
  Fourier	
  Transform	
  (FFT)	
  XN [k]

<latexit sha1_base64="V/cl6bZqYbxSYxxwdHWLozT+mLk=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVFj0WvXiSCvYDtkvJptk2NpssSVYoS/+DFw+KePX/ePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbVMFaEtIrlU3RBrypmgLcMMp91EURyHnHbC8c3M7zxRpZkUD2aS0CDGQ8EiRrCxUrvbv/PHQb9ccavuHGiVeDmpQI5mv/zVG0iSxlQYwrHWvucmJsiwMoxwOi31Uk0TTMZ4SH1LBY6pDrL5tVN0ZpUBiqSyJQyaq78nMhxrPYlD2xljM9LL3kz8z/NTE10FGRNJaqggi0VRypGRaPY6GjBFieETSzBRzN6KyAgrTIwNqGRD8JZfXiXti6pXq9bva5XGdR5HEU7gFM7Bg0towC00oQUEHuEZXuHNkc6L8+58LFoLTj5zDH/gfP4ANZSO5g==</latexit>

AGAIN:	
  L=51	
  



Examples	
  with	
  Matlab	
  

L=51	
  
N=L	
  |XN [k]|

<latexit sha1_base64="2wHhwDC2uFrYym4sip527trdzd4=">AAAB73icbVBNT8JAEJ3iF+IX6tHLRmLiibQGokeiF08GE4EmpSHbZQsbttu6uzUhhT/hxYPGePXvePPfuEAPCr5kkpf3ZjIzL0g4U9q2v63C2vrG5lZxu7Szu7d/UD48aqs4lYS2SMxj6QZYUc4EbWmmOXUTSXEUcNoJRjczv/NEpWKxeNDjhPoRHggWMoK1kdyJ27vzRv6kV67YVXsOtEqcnFQgR7NX/ur2Y5JGVGjCsVKeYyfaz7DUjHA6LXVTRRNMRnhAPUMFjqjys/m9U3RmlD4KY2lKaDRXf09kOFJqHAWmM8J6qJa9mfif56U6vPIzJpJUU0EWi8KUIx2j2fOozyQlmo8NwUQycysiQywx0SaikgnBWX55lbQvqk6tWr+vVRrXeRxFOIFTOAcHLqEBt9CEFhDg8Ayv8GY9Wi/Wu/WxaC1Y+cwx/IH1+QP87Y/y</latexit>



In	
  the	
  “Omega	
  domain”	
  (discrete	
  Sme)	
  

2⇡

<latexit sha1_base64="iJPgbXPNZGzRNoO2wnd0KanAjWo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKRY9FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzQHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf5vSeqNIvko5nH1Bd4IlnICDaZ1BjGbFStuXU3B1onXkFqUKA9qn4NxxFJBJWGcKz1wHNj46dYGUY4XVSGiaYxJjM8oQNLJRZU+2l+6wJdWGWMwkjZkgbl6u+JFAut5yKwnQKbqV71MvE/b5CY8MZPmYwTQyVZLgoTjkyEssfRmClKDJ9bgoli9lZEplhhYmw8FRuCt/ryOuk26l6zfvXQrLVuizjKcAbncAkeXEML7qENHSAwhWd4hTdHOC/Ou/OxbC05xcwp/IHz+QPDm44R</latexit>

|X(k⌦0)|

<latexit sha1_base64="0Rv0veYrsWvag5Hyy5xu9gCVG4A=">AAAB9XicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JrMHokevEmJvKRwEq6pQsNbXfTdjUE+B9ePGiMV/+LN/+NBfag4EsmeXlvJjPzgpgzbVz328msrK6tb2Q3c1vbO7t7+f2Duo4SRWiNRDxSzQBrypmkNcMMp81YUSwCThvB4HrqNx6p0iyS92YYU1/gnmQhI9hY6WHcLA7at4L2cMc9HXfyBbfkzoCWiZeSAqSodvJf7W5EEkGlIRxr3fLc2PgjrAwjnE5y7UTTGJMB7tGWpRILqv3R7OoJOrFKF4WRsiUNmqm/J0ZYaD0Uge0U2PT1ojcV//NaiQkv/RGTcWKoJPNFYcKRidA0AtRlihLDh5Zgopi9FZE+VpgYG1TOhuAtvrxM6mclr1w6vysXKldpHFk4gmMoggcXUIEbqEINCCh4hld4c56cF+fd+Zi3Zpx05hD+wPn8AZe0ke4=</latexit>

|X(⌦)|⌦=k⌦0

<latexit sha1_base64="iC+CMivokbWraY7BwbC4w2CRW7g=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEi1E2ZkYpuhKIbd1awF2iHIZOmbWiSGZKMUKbdufFV3LhQxK2v4M63Me3MQlsPhHz8/zkk5w8iRpV2nG8rt7S8srqWXy9sbG5t79i7ew0VxhKTOg5ZKFsBUoRRQeqaakZakSSIB4w0g+H11G8+EKloKO71KCIeR31BexQjbSTfPhy3Sp1bTvroZOwnKV0O09t3Jr5ddMrOrOAiuBkUQVY13/7qdEMccyI0ZkiptutE2kuQ1BQzMil0YkUihIeoT9oGBeJEeclsjwk8NkoX9kJpjtBwpv6eSBBXasQD08mRHqh5byr+57Vj3bvwEiqiWBOB04d6MYM6hNNQYJdKgjUbGUBYUvNXiAdIIqxNdAUTgju/8iI0TstupXx2VylWr7I48uAAHIEScME5qIIbUAN1gMEjeAav4M16sl6sd+sjbc1Z2cw++FPW5w8l4Jjd</latexit>

⌦0 =
2⇡

N

<latexit sha1_base64="6vJw6sg7TNpJ0BGjtHL3IYmyl0I="></latexit>

N=L=51	
  

=0.1232	
  



In	
  the	
  “omega	
  domain”	
  	
  
(conSnuous	
  Sme)	
  

Something	
  wrong…	
  
(W=20)	
  



WE	
  ARE	
  NOT	
  FULFILLING	
  
NYQUIST	
  !!!!	
  

Something	
  wrong…	
  
(W=20)	
  
We	
  have	
  lost	
  
informaSon,	
  since	
  we	
  
are	
  not	
  saSsfying	
  
Nyquist…	
  
We	
  interpret	
  x(t)	
  as	
  a	
  
signal	
  with	
  lower	
  
frequency	
  	
  	
  



Play	
  with	
  the	
  code…	
  
that	
  I	
  gave	
  you…	
  


