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Convolution and Fourier

𝑦 𝑡 =  𝑥 𝑡 ℎ 𝑡

𝑌 𝑗𝜔 =
1

2𝜋
𝑋 𝑗𝜔 ∗ 𝐻(𝑗𝜔)

𝑦 𝑡 =  𝑥 𝑡 ∗ ℎ 𝑡
𝑌(𝑗𝜔) = 𝑋 𝑗𝜔 𝐻(𝑗𝜔)



Filtering
Python – Demo

DFT Analysis

Signal and Spectrum  -  Fourier transform



Fourier Transform
◦ Impulse Response  (t)
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Fourier Transform
◦ Gate Function Ga(t):  rect(t/a)
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Fourier Transform
Cosine signal

cos(𝜔0𝑡)
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Pulse Train p(t)

𝑝(𝑡) = ෍

𝑘=−∞

∞

𝛿(𝑡 − 𝑘𝑇𝑠)

𝑃 𝑗𝜔 =?



Sampling
A process of converting continuous-time signal x(t) to discreet time sequence x(n)

𝑥 𝑛 = 𝑥 𝑛𝑇𝑠 , 

𝑓𝑜𝑟 𝑠𝑎𝑚𝑝𝑖𝑛𝑔 𝑝𝑒𝑟𝑖𝑜𝑑 𝑇𝑠 

𝑆𝑎𝑚𝑝𝑙𝑖𝑛𝑔 𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑓𝑠 =
1

𝑇𝑠



Sampling



Impulse Train Sampling



Sampling Theorem:  𝜔𝑠 > 2𝜔ℎ
x(t) -  a band limited signal

𝑦 𝑡 = 𝑥 𝑡 𝑝 𝑡

𝑌(𝑗𝜔) =?



Sampling Theorem



Sampling Theorem: Aliasing



Sampling



Lowpass filter
Ideal Lowpass filter

Constraints on cut-off frequency

𝜔ℎ < 𝜔 < 𝜔𝑠 − 𝜔ℎ



Sampling + Quantization

By: Nikesh 
Bajaj
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Sampling Theorem
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Reconstruction of Signal

By: Nikesh 
Bajaj
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Limitation
1)  Ideal delta function

2) 

  3) Ideal lowpass filter

𝜔ℎ → ∞



Sampling Frequency: Examples
Sampling frequency:

◦ Speech

◦ Audio, music

◦ EEG

◦ ECG

◦ ..





𝐷𝑖𝑟𝑒𝑐 𝐷𝑒𝑙𝑡𝑎 𝛿 𝑡  

𝛿 𝑡 =
1

𝜋
 lim
𝜖→0

𝜖

𝑡2+𝜖

𝛿 𝑡 =
1

2
 lim
𝜖→0

𝜖 𝑡 𝜖−1

𝛿 𝑡 =  lim
𝜎→0

1

√4𝜋𝜎
𝑒−𝑡2/4𝜎   Gaussian Function

𝛿 𝑡 =  lim
𝜖→0

1

𝜋𝑡
sin(𝑡/𝜖)          Sin Function



𝑥 𝑡 = 1
ℱ

2𝜋𝛿 𝜔  



𝑥 𝑡 = 1
ℱ

2𝜋𝛿 𝜔  





Useful:

෍

𝑘=0

∞

𝛼𝑘 =
1

1 − 𝛼
 for 𝛼 < 1

෍

𝑘=0

𝑀

𝛼𝑘 =
1 − 𝛼𝑀+1

1 − 𝛼
for 𝛼 < 1







Systems: Exercise



Systems: Exercise



Systems: Exercise



Systems: Exercise



Convolution: Exercise



Convolution: Exercise



Convolution: Exercise



Convolution: Exercise



Exercises: Do at home
Book: Alan V. Oppenheim

Chapter 1 : System Properties

Chapter 2: Convolution

Examples

Basic Problems
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