
TOPIC&4&&
The&prac.cal&computa.on&of&Fourier&

(e.g.,&with&Matlab)&
PART%2%



So%far…%

! &&We%have%interpreted%%the%data%(the%finite%%%
sequence%of%values)%as%a%periodic%signal.%%

! &&We%can%consider%another%approach:%the%finite%
sequence%of%values%(that%we%observe)%is%a%piece%of%
infinite%signal.%



Just%a%“piece”%of%a%signal…%

! &&We%can%consider%another%approach:%the%finite%
sequence%of%values%(that%we%observe)%is%a%piece%of%
infinite%signal.%

x[n]

<latexit sha1_base64="KJnPbZJa2zISi6vl53uZOP88fZo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseCHjxWsB+QhrLZbtqlu5uwuxFL6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjo5TRWibxDxWvRBrypmkbcMMp71EUSxCTrvh5Cb3u49UaRbLBzNNaCDwSLKIEWxy6cmXwaBac+vuHGiVeAWpQYHWoPrVH8YkFVQawrHWvucmJsiwMoxwOqv0U00TTCZ4RH1LJRZUB9n81hk6s8oQRbGyJQ2aq78nMiy0norQdgpsxnrZy8X/PD810XWQMZmkhkqyWBSlHJkY5Y+jIVOUGD61BBPF7K2IjLHCxNh4KjYEb/nlVdK5qHuN+uV9o9a8LeIowwmcwjl4cAVNuIMWtIHAGJ7hFd4c4bw4787HorXkFDPH8AfO5w8Ybo5K</latexit>

xL[n]

<latexit sha1_base64="i+jzUEgZ85e+VM3tqtUDunvFLo8=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe4komVACwuLCOYDLkfY2+wlS/Z2z909MRz5EzYWitj6d+z8N26SKzTxwcDjvRlm5oUJZ9q47rdTWFldW98obpa2tnd298r7By0tU0Vok0guVSfEmnImaNMww2knURTHIaftcHQ19duPVGkmxb0ZJzSI8UCwiBFsrNR56mW3E18EvXLFrbozoGXi5aQCORq98le3L0kaU2EIx1r7npuYIMPKMMLppNRNNU0wGeEB9S0VOKY6yGb3TtCJVfooksqWMGim/p7IcKz1OA5tZ4zNUC96U/E/z09NdBlkTCSpoYLMF0UpR0ai6fOozxQlho8twUQxeysiQ6wwMTaikg3BW3x5mbTOql6ten5Xq9Sv8ziKcATHcAoeXEAdbqABTSDA4Rle4c15cF6cd+dj3lpw8plD+APn8wcwg5AV</latexit>

Infinite%length%!%%



Just%a%“piece”%of%a%signal…%

x[n]

<latexit sha1_base64="KJnPbZJa2zISi6vl53uZOP88fZo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseCHjxWsB+QhrLZbtqlu5uwuxFL6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjo5TRWibxDxWvRBrypmkbcMMp71EUSxCTrvh5Cb3u49UaRbLBzNNaCDwSLKIEWxy6cmXwaBac+vuHGiVeAWpQYHWoPrVH8YkFVQawrHWvucmJsiwMoxwOqv0U00TTCZ4RH1LJRZUB9n81hk6s8oQRbGyJQ2aq78nMiy0norQdgpsxnrZy8X/PD810XWQMZmkhkqyWBSlHJkY5Y+jIVOUGD61BBPF7K2IjLHCxNh4KjYEb/nlVdK5qHuN+uV9o9a8LeIowwmcwjl4cAVNuIMWtIHAGJ7hFd4c4bw4787HorXkFDPH8AfO5w8Ybo5K</latexit>

Infinite%length%!%%

xL[n] = x[n]wL[n]

<latexit sha1_base64="9uj+5OLkn1yN8jEUlgcOqiWffoc=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBIvgqiSi6EYo6MJFFxXsA9oQJtNJO3QyCTMTbQj1V9y4UMStH+LOv3HaZqGtB+ZyOOde7p3jx4xKZdvfRmFldW19o7hZ2tre2d0z9w9aMkoEJk0csUh0fCQJo5w0FVWMdGJBUOgz0vZH11O//UCEpBG/V2lM3BANOA0oRkpLnlkee1l90uXu1ViXR6+uq2dW7Ko9g7VMnJxUIEfDM796/QgnIeEKMyRl17Fj5WZIKIoZmZR6iSQxwiM0IF1NOQqJdLPZ8RPrWCt9K4iEflxZM/X3RIZCKdPQ150hUkO56E3F/7xuooJLN6M8ThTheL4oSJilImuahNWngmDFUk0QFlTfauEhEggrnVdJh+AsfnmZtE6rzln1/O6sUrvJ4yjCIRzBCThwATW4hQY0AUMKz/AKb8aT8WK8Gx/z1oKRz5ThD4zPH71QlNc=</latexit>

Otherwise

<latexit sha1_base64="YNwJ0Yx8+QZLX5ioHlxl5+XRsIY=">AAACDnicbVDLSsNAFJ3UV62vqks3wVJwVRJRdCNU3LgoWME+IA1hMr1th04mYWZiW0LAvRt/xY0LRdy6duffOH0stPXAvRzOucPce/yIUaks69vILC2vrK5l13Mbm1vbO/ndvboMY0GgRkIWiqaPJTDKoaaoYtCMBODAZ9Dw+1djv3EPQtKQ36lRBG6Au5x2KMFKS16+WBx6SSV1uHsx1G3gVXTPtQI/HCY3qgdiQCWkXr5glawJzEViz0gBzVD18l+tdkjiALgiDEvp2Fak3AQLRQmDNNeKJUSY9HEXHE05DkC6yeSc1CxqpW12QqGLK3Oi/n6R4EDKUeDryQCrnpz3xuJ/nhOrzrmbUB7FCjiZftSJmalCc5yN2aYCiGIjTTARVO9qkh4WmCidYE6HYM+fvEjqxyX7pHR6e1IoXz5M48iiA3SIjpCNzlAZXaMqqiGCHtEzekVvxpPxYrwbH9PRjDGLcB/9gfH5A76mnPs=</latexit>

“window”

<latexit sha1_base64="Q+tKDOq6ey4RezmY161++9VzYW4=">AAACD3icbVC7TsMwFHV4lvIqMLJEVKVMVYKKYEEqYmHoUCT6kNIodVy3terYke3QVlEkPoCFX2FhACFWVjb+BvcxQMuR7tXROdfyvccPKZHKsr6NpeWV1bX11EZ6c2t7Zzezt1+TPBIIVxGnXDR8KDElDFcVURQ3QoFh4FNc9/vXY79+j4UknN2pUYjdAHYZ6RAElZa8zHFu6MXlxGHu5VC3gVfWPd0MfD6MW60BYW0+yOcTL5O1CtYE5iKxZyQLZqh4ma9mm6MowEwhCqV0bCtUbgyFIojiJN2MJA4h6sMudjRlMMDSjSf3JGZOK22zw4UupsyJ+vtFDAMpR4GvJwOoenLeG4v/eU6kOhduTFgYKczQ9KNORE3FzXE4ZpsIjBQdaQKRIHpXE/WggEjpCNM6BHv+5EVSOy3YxcLZbTFbunqYxpECh+AInAAbnIMSuAEVUAUIPIJn8ArejCfjxXg3PqajS8YswgPwB8bnD9NdnPE=</latexit>

windowed signal

<latexit sha1_base64="mUGokvn20GFfT2JxxhtCUURPmPY=">AAACFHicbVDLSgMxFM34rPU16tJNsBQEocxIRTdCxY2LLirYB7TDkMmkbWgmGZKMbRkK/oIbf8WNC0XcunDn35g+Ftp64F4O59yQe08QM6q043xbS8srq2vrmY3s5tb2zq69t19TIpGYVLFgQjYCpAijnFQ11Yw0YklQFDBSD3rXY79+T6Sigt/pYUy8CHU4bVOMtJF8+yQ/8NPyqMm9y4Fpfb9serYVBWKQ9ikPRZ+EUNEOR2zk2zmn4EwAF4k7IzkwQ8W3v1qhwElEuMYMKdV0nVh7KZKaYkZG2VaiSIxwD3VI01COIqK8dHLUCOaNEsK2kKa4hhP194sURUoNo8BMRkh31bw3Fv/zmoluX3gp5XGiCcfTj9oJg1rAcUIwpJJgzYaGICyp2RXiLpIIa5Nj1oTgzp+8SGqnBbdYOLst5kpXD9M4MuAQHIFj4IJzUAI3oAKqAINH8AxewZv1ZL1Y79bHdHTJmkV4AP7A+vwBarSffA==</latexit>



Just%a%“piece”%of%a%signal…%

&SUMMARY:%Now,%we%interpret%that%we%“see”%a%
windowed%signal.%%

x[n]

<latexit sha1_base64="KJnPbZJa2zISi6vl53uZOP88fZo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseCHjxWsB+QhrLZbtqlu5uwuxFL6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjo5TRWibxDxWvRBrypmkbcMMp71EUSxCTrvh5Cb3u49UaRbLBzNNaCDwSLKIEWxy6cmXwaBac+vuHGiVeAWpQYHWoPrVH8YkFVQawrHWvucmJsiwMoxwOqv0U00TTCZ4RH1LJRZUB9n81hk6s8oQRbGyJQ2aq78nMiy0norQdgpsxnrZy8X/PD810XWQMZmkhkqyWBSlHJkY5Y+jIVOUGD61BBPF7K2IjLHCxNh4KjYEb/nlVdK5qHuN+uV9o9a8LeIowwmcwjl4cAVNuIMWtIHAGJ7hFd4c4bw4787HorXkFDPH8AfO5w8Ybo5K</latexit>

Infinite%length%!%%

xL[n] = x[n]wL[n]

<latexit sha1_base64="9uj+5OLkn1yN8jEUlgcOqiWffoc=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBIvgqiSi6EYo6MJFFxXsA9oQJtNJO3QyCTMTbQj1V9y4UMStH+LOv3HaZqGtB+ZyOOde7p3jx4xKZdvfRmFldW19o7hZ2tre2d0z9w9aMkoEJk0csUh0fCQJo5w0FVWMdGJBUOgz0vZH11O//UCEpBG/V2lM3BANOA0oRkpLnlkee1l90uXu1ViXR6+uq2dW7Ko9g7VMnJxUIEfDM796/QgnIeEKMyRl17Fj5WZIKIoZmZR6iSQxwiM0IF1NOQqJdLPZ8RPrWCt9K4iEflxZM/X3RIZCKdPQ150hUkO56E3F/7xuooJLN6M8ThTheL4oSJilImuahNWngmDFUk0QFlTfauEhEggrnVdJh+AsfnmZtE6rzln1/O6sUrvJ4yjCIRzBCThwATW4hQY0AUMKz/AKb8aT8WK8Gx/z1oKRz5ThD4zPH71QlNc=</latexit>

windowed signal

<latexit sha1_base64="mUGokvn20GFfT2JxxhtCUURPmPY=">AAACFHicbVDLSgMxFM34rPU16tJNsBQEocxIRTdCxY2LLirYB7TDkMmkbWgmGZKMbRkK/oIbf8WNC0XcunDn35g+Ftp64F4O59yQe08QM6q043xbS8srq2vrmY3s5tb2zq69t19TIpGYVLFgQjYCpAijnFQ11Yw0YklQFDBSD3rXY79+T6Sigt/pYUy8CHU4bVOMtJF8+yQ/8NPyqMm9y4Fpfb9serYVBWKQ9ikPRZ+EUNEOR2zk2zmn4EwAF4k7IzkwQ8W3v1qhwElEuMYMKdV0nVh7KZKaYkZG2VaiSIxwD3VI01COIqK8dHLUCOaNEsK2kKa4hhP194sURUoNo8BMRkh31bw3Fv/zmoluX3gp5XGiCcfTj9oJg1rAcUIwpJJgzYaGICyp2RXiLpIIa5Nj1oTgzp+8SGqnBbdYOLst5kpXD9M4MuAQHIFj4IJzUAI3oAKqAINH8AxewZv1ZL1Y79bHdHTJmkV4AP7A+vwBarSffA==</latexit>



In%frequency%

xL[n] = x[n]wL[n]

<latexit sha1_base64="9uj+5OLkn1yN8jEUlgcOqiWffoc=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBIvgqiSi6EYo6MJFFxXsA9oQJtNJO3QyCTMTbQj1V9y4UMStH+LOv3HaZqGtB+ZyOOde7p3jx4xKZdvfRmFldW19o7hZ2tre2d0z9w9aMkoEJk0csUh0fCQJo5w0FVWMdGJBUOgz0vZH11O//UCEpBG/V2lM3BANOA0oRkpLnlkee1l90uXu1ViXR6+uq2dW7Ko9g7VMnJxUIEfDM796/QgnIeEKMyRl17Fj5WZIKIoZmZR6iSQxwiM0IF1NOQqJdLPZ8RPrWCt9K4iEflxZM/X3RIZCKdPQ150hUkO56E3F/7xuooJLN6M8ThTheL4oSJilImuahNWngmDFUk0QFlTfauEhEggrnVdJh+AsfnmZtE6rzln1/O6sUrvJ4yjCIRzBCThwATW4hQY0AUMKz/AKb8aT8WK8Gx/z1oKRz5ThD4zPH71QlNc=</latexit>

XL(⌦) = X(⌦) ⇤ WL(⌦)

<latexit sha1_base64="a0nmXBT+W5VX4eDEqOorVaHG66A="></latexit>

XL(⌦) =
1
2⇡

Z

2⇡
X(✓)WL(⌦� ✓)d✓

<latexit sha1_base64="wJXOAcpMH7ddwTGkzrtlSWu20/c="></latexit>



In%frequency%

Otherwise

<latexit sha1_base64="YNwJ0Yx8+QZLX5ioHlxl5+XRsIY=">AAACDnicbVDLSsNAFJ3UV62vqks3wVJwVRJRdCNU3LgoWME+IA1hMr1th04mYWZiW0LAvRt/xY0LRdy6duffOH0stPXAvRzOucPce/yIUaks69vILC2vrK5l13Mbm1vbO/ndvboMY0GgRkIWiqaPJTDKoaaoYtCMBODAZ9Dw+1djv3EPQtKQ36lRBG6Au5x2KMFKS16+WBx6SSV1uHsx1G3gVXTPtQI/HCY3qgdiQCWkXr5glawJzEViz0gBzVD18l+tdkjiALgiDEvp2Fak3AQLRQmDNNeKJUSY9HEXHE05DkC6yeSc1CxqpW12QqGLK3Oi/n6R4EDKUeDryQCrnpz3xuJ/nhOrzrmbUB7FCjiZftSJmalCc5yN2aYCiGIjTTARVO9qkh4WmCidYE6HYM+fvEjqxyX7pHR6e1IoXz5M48iiA3SIjpCNzlAZXaMqqiGCHtEzekVvxpPxYrwbH9PRjDGLcB/9gfH5A76mnPs=</latexit>

WL(⌦) =
sin(L⌦

2 )
sin(⌦

2 )
e�j (L�1)⌦

2

<latexit sha1_base64="N+Bt4MpTodQlPj85J7sNdpus5C4="></latexit>

RECALL%that%is%PERIODIC%of%period%%2⇡

<latexit sha1_base64="6g0twXpvQfdoPVp+w9jwL7Y/lnA="></latexit>



In%frequency%

WL(⌦) =
sin(L⌦

2 )
sin(⌦

2 )
e�j (L�1)⌦

2

<latexit sha1_base64="N+Bt4MpTodQlPj85J7sNdpus5C4="></latexit>

L = 4

<latexit sha1_base64="uhOeQXLlxfYZsccMcXrxCHHbpCc="></latexit>

L = 20

<latexit sha1_base64="Dsv++bJpSzIUqraDVni+BwpmsNU="></latexit>

L = 100

<latexit sha1_base64="17dljelNDMsOk6UqPlqBIdz+adU="></latexit>

|WL(⌦)|

<latexit sha1_base64="lQ0uvxz2LJX4UU6Un9C2z6B3okI="></latexit>

|WL(⌦)|

<latexit sha1_base64="lQ0uvxz2LJX4UU6Un9C2z6B3okI="></latexit>

|WL(⌦)|

<latexit sha1_base64="lQ0uvxz2LJX4UU6Un9C2z6B3okI="></latexit>

As%L%grows,%the%FT%of%“the%window”%becomes%
more%similar%to%%delta%in%frequency.%



%%%%Summary%(so%far)%

WL(⌦)

<latexit sha1_base64="ubTD+8PajylP736JJlX7qs4xeOM="></latexit>

L!1

<latexit sha1_base64="ZnzcKb3DI4XiKaikNMk2848SBRA="></latexit>

wL[n]

<latexit sha1_base64="Km8fvQH2f8Ns9SU6odth9C0KBmY="></latexit>

1

<latexit sha1_base64="7J/q0lZOtD1+3R1DBzq4e4GaXx4="></latexit>

x[n]

<latexit sha1_base64="x46tnxKjhYy98Q2ZIsbiUy6LYuA="></latexit>

xL[n] = x[n]wL[n]

<latexit sha1_base64="lRldtIizD8jP/UeFOBpqH1eHLII="></latexit>

L!1

<latexit sha1_base64="ZnzcKb3DI4XiKaikNMk2848SBRA="></latexit>

XL(⌦)

<latexit sha1_base64="BzdoM7ww/I4G72obFneNk9Z6ReA="></latexit>

X(⌦)

<latexit sha1_base64="h6D2nweWAg85OHt7JK93dUhrhrI="></latexit>

L!1

<latexit sha1_base64="ZnzcKb3DI4XiKaikNMk2848SBRA="></latexit>

L!1

<latexit sha1_base64="ZnzcKb3DI4XiKaikNMk2848SBRA="></latexit>

Generalized%FT%%

also&

TIME:%

Frequency:%

2⇡
+1X

k=�1
�(⌦� 2⇡k)

<latexit sha1_base64="a0Vs1u2GVLWx59rc8ZQjq7g7cy4="></latexit>

XL(⌦) =
1
2⇡

Z

2⇡
X(✓)WL(⌦� ✓)d✓

<latexit sha1_base64="wJXOAcpMH7ddwTGkzrtlSWu20/c="></latexit>

XL(⌦) = X(⌦) ⇤ WL(⌦)

<latexit sha1_base64="fNjE8z1yed+ZObwwqFO1wIkmc/0="></latexit>



RECALL%

We%could%always%consider%a%larger%sequence:%

Adding%zeros%to%the%windowed%signal,%%

N � L

<latexit sha1_base64="DeW9m00Qi7phfkw13DpYU3LJlJo="></latexit>

xL[n]

<latexit sha1_base64="WNb6RmAQEl2OdMCu0mfVFPIc5M0="></latexit>

(or%considering%the%alternaWve%mathemaWcal%view%
of%DFT…%see%last%slide%of%TOPIC%4Y%part%1%)%



RelaWonship%with%DFT%%%

xL[n] = x[n]wL[n]

<latexit sha1_base64="9uj+5OLkn1yN8jEUlgcOqiWffoc=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBIvgqiSi6EYo6MJFFxXsA9oQJtNJO3QyCTMTbQj1V9y4UMStH+LOv3HaZqGtB+ZyOOde7p3jx4xKZdvfRmFldW19o7hZ2tre2d0z9w9aMkoEJk0csUh0fCQJo5w0FVWMdGJBUOgz0vZH11O//UCEpBG/V2lM3BANOA0oRkpLnlkee1l90uXu1ViXR6+uq2dW7Ko9g7VMnJxUIEfDM796/QgnIeEKMyRl17Fj5WZIKIoZmZR6iSQxwiM0IF1NOQqJdLPZ8RPrWCt9K4iEflxZM/X3RIZCKdPQ150hUkO56E3F/7xuooJLN6M8ThTheL4oSJilImuahNWngmDFUk0QFlTfauEhEggrnVdJh+AsfnmZtE6rzln1/O6sUrvJ4yjCIRzBCThwATW4hQY0AUMKz/AKb8aT8WK8Gx/z1oKRz5ThD4zPH71QlNc=</latexit>

XL(⌦) = X(⌦) ⇤ WL(⌦)

<latexit sha1_base64="a0nmXBT+W5VX4eDEqOorVaHG66A="></latexit>

XN [k] =
N�1X

n=0

xL[n]e�jk 2⇡
N n

<latexit sha1_base64="Z+qWs4x2grqr9DsgXVxDPr+rk3Q="></latexit>

=
L�1X

n=0

xL[n]e�jk 2⇡
N n

<latexit sha1_base64="X4kgTJpOm+lqAMgTNjZ2IQtsnTk="></latexit>

XL(⌦) =
+1X

n=�1
xL[n]e�jk⌦n =

L�1X

n=0

xL[n]e�j⌦n

<latexit sha1_base64="WmkBHCL9l8aoLthxZytUb/CpWZM="></latexit>



RelaWonship%with%DFT%%%

XL(⌦) =
L�1X

n=0

xL[n]e�j⌦n

<latexit sha1_base64="aggiy+thjX36DaXBAo8nzERuYsM="></latexit>

XN [k] =
L�1X

n=0

xL[n]e�jk 2⇡
N n

<latexit sha1_base64="Ygk0jwp80mrggyOAf6SnQ0uxJUw="></latexit>

0  k  N � 1

<latexit sha1_base64="aywLO2nSiKu3SOOh7knQuDxhwIo="></latexit>

�1 < ⌦ <1

<latexit sha1_base64="oP6WJ1KuYKCAEiCJyc/r0Qk7x88="></latexit>

But%actually%we%know%that%we%have%%XN [k] = XN [k + N ]

<latexit sha1_base64="KTHuvHjgEN2lfXiGHUeNMTWj2MM="></latexit>

Periodic%of%period%%2⇡

<latexit sha1_base64="Lc8NYT4cKaZqyuQ/cU5keKr5j3c="></latexit>

(Matlab%gives%you%N%numbers)%%COMPARING:%

THEN%AGAIN:%

XN [k] = X(⌦)
���
k 2⇡

N

= X

✓
k

2⇡

N

◆

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

L

<latexit sha1_base64="2PHiJp63dwxqchfFmXFrkhDS+2w="></latexit>

L

<latexit sha1_base64="2PHiJp63dwxqchfFmXFrkhDS+2w="></latexit>



RelaWonship%with%DFT%%%

XN [k] = X(⌦)
���
k 2⇡

N

= X

✓
k

2⇡

N

◆

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

L

<latexit sha1_base64="2PHiJp63dwxqchfFmXFrkhDS+2w="></latexit>

L

<latexit sha1_base64="2PHiJp63dwxqchfFmXFrkhDS+2w="></latexit>

THEN,%WE%ARE%“SAMPLING”%the%FOURIER%TRANSFORM%
X_L(Omega)%in%frequency%domain.%%%

⌦0 =
2⇡

N

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

XN [k] = X(⌦)
���
k⌦0

= X (k⌦0)

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

L

<latexit sha1_base64="2PHiJp63dwxqchfFmXFrkhDS+2w="></latexit>

L

<latexit sha1_base64="2PHiJp63dwxqchfFmXFrkhDS+2w="></latexit>

Exactly%the%same%conclusions…%



RelaWonship%with%DFT%%%

Exactly%the%same%conclusions%of%PART%1…%

XN [k]

<latexit sha1_base64="XyIyTT/fkU92mT4Y7JrLqVq6BaI="></latexit>

ak

<latexit sha1_base64="V7r5ZOgUhGe+pNTzN0yQKr0jpic="></latexit>

⌦k = k⌦0 = k
2⇡

N

<latexit sha1_base64="ENWFgTqdGvQdIMWXke8+Qo6YPh8="></latexit>



VERY%IMPORTANT%SUMMARY%

(1)%We%have:%x[0],%x[1],%x[2],…,x[LY1]%

(2)%We%compute%DFT%(e.g.,%by%Matlab)%with%%

(3)%Matlab%returns%N%complex%numbers:%

N � L

<latexit sha1_base64="DeW9m00Qi7phfkw13DpYU3LJlJo="></latexit>

XN [k] =
L�1X

n=0

xL[n]e�jk 2⇡
N n

<latexit sha1_base64="Ygk0jwp80mrggyOAf6SnQ0uxJUw="></latexit>

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>



VERY%IMPORTANT%SUMMARY%

(3)%Matlab%returns%N%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>

XN [k] = X(⌦)
���
k⌦0

= X (k⌦0)

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

L

<latexit sha1_base64="2PHiJp63dwxqchfFmXFrkhDS+2w="></latexit>

L

<latexit sha1_base64="2PHiJp63dwxqchfFmXFrkhDS+2w="></latexit>

⌦0 =
2⇡

N

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



VERY%IMPORTANT%SUMMARY%

(4)%%Moreover%the%DFT%values,%that%we%get,%are%
“samples”%of%the%Fourier%Transform%of%the%
windowed%signal:%we%are%assuming%that%we%are%
observing%just%a%“piece”%of%an%infinite%(nonYperiodic)%
signal…%%%

XN [k] = X(⌦)
���
k⌦0

= X (k⌦0)

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

L

<latexit sha1_base64="2PHiJp63dwxqchfFmXFrkhDS+2w="></latexit>

L

<latexit sha1_base64="2PHiJp63dwxqchfFmXFrkhDS+2w="></latexit>

xL[n] = x[n]wL[n]

<latexit sha1_base64="9uj+5OLkn1yN8jEUlgcOqiWffoc=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBIvgqiSi6EYo6MJFFxXsA9oQJtNJO3QyCTMTbQj1V9y4UMStH+LOv3HaZqGtB+ZyOOde7p3jx4xKZdvfRmFldW19o7hZ2tre2d0z9w9aMkoEJk0csUh0fCQJo5w0FVWMdGJBUOgz0vZH11O//UCEpBG/V2lM3BANOA0oRkpLnlkee1l90uXu1ViXR6+uq2dW7Ko9g7VMnJxUIEfDM796/QgnIeEKMyRl17Fj5WZIKIoZmZR6iSQxwiM0IF1NOQqJdLPZ8RPrWCt9K4iEflxZM/X3RIZCKdPQ150hUkO56E3F/7xuooJLN6M8ThTheL4oSJilImuahNWngmDFUk0QFlTfauEhEggrnVdJh+AsfnmZtE6rzln1/O6sUrvJ4yjCIRzBCThwATW4hQY0AUMKz/AKb8aT8WK8Gx/z1oKRz5ThD4zPH71QlNc=</latexit>

XL(⌦) = X(⌦) ⇤ WL(⌦)

<latexit sha1_base64="a0nmXBT+W5VX4eDEqOorVaHG66A="></latexit>


