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Example 
Then we have if we consider N=L=3 then N-1=2:

<latexit sha1_base64="Eh6RpeTsUXz29pKn9YNdB9dm1gA="></latexit>

k = 0, 1, N � 1 = 2

<latexit sha1_base64="lGYjIOwVv7Q22bJdyhEyIh1bhrU="></latexit>

XN [k] =
2X

n=0

x[n] · e�j 2⇡
N kn

<latexit sha1_base64="yXSxtuCzOBHJCUp0u6vfcWRfx4c="></latexit>

XN [k] = 3� 5e�jk 2⇡
N + 1.5e�j2k 2⇡

N

<latexit sha1_base64="Mr8JCN3vgvMIm09PvBAtHHKrgPI="></latexit>

n = 0
<latexit sha1_base64="GfwZoCAtzc9LHRgUqQIIl/isQkQ="></latexit>

n = 1
<latexit sha1_base64="q/ZIf06f04k5UQeXOLm6fxBMfwA="></latexit>

n = 2



Example 
Then we have if we consider N=L=3 then N-1=2:

<latexit sha1_base64="yXSxtuCzOBHJCUp0u6vfcWRfx4c="></latexit>

XN [k] = 3� 5e�jk 2⇡
N + 1.5e�j2k 2⇡

N

<latexit sha1_base64="Mr8JCN3vgvMIm09PvBAtHHKrgPI="></latexit>

n = 0
<latexit sha1_base64="GfwZoCAtzc9LHRgUqQIIl/isQkQ="></latexit>

n = 1
<latexit sha1_base64="q/ZIf06f04k5UQeXOLm6fxBMfwA="></latexit>

n = 2
<latexit sha1_base64="v/T7jfzsbTqfwlVttaOmZzQaKVE="></latexit>

X3[k] = 3� 5e�jk 2⇡
3 + 1.5e�j2k 2⇡

3



Example 

OUTPUT of the FFT:

<latexit sha1_base64="Eh6RpeTsUXz29pKn9YNdB9dm1gA="></latexit>

k = 0, 1, N � 1 = 2

<latexit sha1_base64="E51pzsbK/uuZP8U0n1ZNpjRLQiE="></latexit>

= 3� 5 + 1.5 = �0.5

<latexit sha1_base64="v/T7jfzsbTqfwlVttaOmZzQaKVE="></latexit>

X3[k] = 3� 5e�jk 2⇡
3 + 1.5e�j2k 2⇡

3

<latexit sha1_base64="riEseLD06h75FZG7TRQ1n+ZLmxU="></latexit>

X3[0] = 3� 5e�j0 2⇡
3 + 1.5e�j2·0 2⇡

3



Example 

OUTPUT of the FFT:

<latexit sha1_base64="v/T7jfzsbTqfwlVttaOmZzQaKVE="></latexit>

X3[k] = 3� 5e�jk 2⇡
3 + 1.5e�j2k 2⇡

3

<latexit sha1_base64="Eh6RpeTsUXz29pKn9YNdB9dm1gA="></latexit>

k = 0, 1, N � 1 = 2

<latexit sha1_base64="caahInrkg8uB8VM4h36+zit+Bnc="></latexit>

X3[1] = 3� 5e�j1 2⇡
3 + 1.5e�j2·1 2⇡

3
<latexit sha1_base64="u4XyCiPGDpSiFY3haDXdQwuWHQw="></latexit>

= 3� 5e�j 2⇡
3 + 1.5e�j 4⇡

3



Example 

OUTPUT of the FFT:

<latexit sha1_base64="v/T7jfzsbTqfwlVttaOmZzQaKVE="></latexit>

X3[k] = 3� 5e�jk 2⇡
3 + 1.5e�j2k 2⇡

3

<latexit sha1_base64="Eh6RpeTsUXz29pKn9YNdB9dm1gA="></latexit>

k = 0, 1, N � 1 = 2

<latexit sha1_base64="ebFHo3wHeHD2Sr1aE9O2ZrT6g9Y="></latexit>

X3[2] = 3� 5e�j 4⇡
3 + 1.5e�j 8⇡

3



Example 
OUTPUT of the FFT:



Example 

Let consider  the following signal: 

<latexit sha1_base64="RVRYMY1G8wfQ8GBYsJTE8xj1pj0="></latexit>

x[0] = 3, x[1] = �5, x[2] = 1.5, x[n] = 0 for the rest of n

<latexit sha1_base64="VLmRGa8Ntb/cGg9x9iq4cR6e9Vc=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe40qI0QtLGwiGg+IDnC3maTLNnbO3bnhHDkJ9hYKGLrL7Lz37hJrtDog4HHezPMzAtiKQy67peTW1peWV3Lrxc2Nre2d4q7ew0TJZrxOotkpFsBNVwKxesoUPJWrDkNA8mbweh66jcfuTYiUg84jrkf0oESfcEoWun+9vK0Wyy5ZXcG8pd4GSlBhlq3+NnpRSwJuUImqTFtz43RT6lGwSSfFDqJ4TFlIzrgbUsVDbnx09mpE3JklR7pR9qWQjJTf06kNDRmHAa2M6Q4NIveVPzPayfYv/BToeIEuWLzRf1EEozI9G/SE5ozlGNLKNPC3krYkGrK0KZTsCF4iy//JY2TsndWrtxVStWrLI48HMAhHIMH51CFG6hBHRgM4Ale4NWRzrPz5rzPW3NONrMPv+B8fAOa5Y1d</latexit>

L = 3Then we have:

Consider: N=4





<latexit sha1_base64="zyz19KAJGX6DQSO0XkVozaxIejE="></latexit>

XN [k] =
N�1X

n=0

x[n] · e�j 2⇡
N kn <latexit sha1_base64="YIwmjMPwvOZsaxE3yh6TDv9P1FM="></latexit>

k = 0, 1, 2, ..., N � 1

<latexit sha1_base64="QihsG7g5PQTkT1b7xrbTSeQLR5U="></latexit>

XN [k] = x[0] + x[1] · e�j 2⇡
N k + x[2] · e�j 4⇡

N k + ...+ x[L� 1] · e�j 2(L�1)⇡
N k + 0 + 0 + 0...

<latexit sha1_base64="mX0eoLtxNglv90U1mXURTYN/ZkY="></latexit>

XN [k] = 3� 5e�jk 2⇡
N + 1.5e�jk 4⇡

N

<latexit sha1_base64="9h1NNfIxY+QbAC6/HWU6OP2Miz8="></latexit>

X4[k] = 3� 5e�jk 2⇡
4 + 1.5e�jk 4⇡

4

<latexit sha1_base64="8CWNjDRJx7ZLxWW9oy6W/Vnwjik="></latexit>

X4[k] = 3� 5e�jk ⇡
2 + 1.5e�jk⇡



<latexit sha1_base64="8CWNjDRJx7ZLxWW9oy6W/Vnwjik="></latexit>

X4[k] = 3� 5e�jk ⇡
2 + 1.5e�jk⇡



Questions?


