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Problem 3) a) In the convolution operation, one of the functions is flipped around the vertical 
axis before being shifted and multiplied by the other function prior to integration. In the case of 
cross-correlation, neither 𝑓𝑓(𝑥𝑥) nor 𝑔𝑔(𝑥𝑥) is flipped; rather, one function is shifted along the 𝑥𝑥-axis 
then multiplied by the other function. Finally, the product is integrated along the entire 𝑥𝑥-axis. 

b) ℱ{𝑓𝑓(𝑥𝑥)⨂𝑔𝑔(𝑥𝑥)} = � �∫ 𝑓𝑓(𝑥𝑥′)𝑔𝑔(𝑥𝑥′ − 𝑥𝑥)d𝑥𝑥′∞
−∞ � exp(−i2𝜋𝜋𝜋𝜋𝑥𝑥) d𝑥𝑥
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 = � 𝑓𝑓(𝑥𝑥′)�∫ 𝑔𝑔(𝑥𝑥′ − 𝑥𝑥) exp(−i2𝜋𝜋𝜋𝜋𝑥𝑥) d𝑥𝑥∞
−∞ �d𝑥𝑥′
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 = � 𝑓𝑓(𝑥𝑥′)�∫ 𝑔𝑔(𝑦𝑦) exp[−i2𝜋𝜋𝜋𝜋(𝑥𝑥′ − 𝑦𝑦)] d𝑦𝑦∞
−∞ �d𝑥𝑥′
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 = � 𝑓𝑓(𝑥𝑥′) exp(−i2𝜋𝜋𝜋𝜋𝑥𝑥′) �∫ 𝑔𝑔(𝑦𝑦) exp(i2𝜋𝜋𝜋𝜋𝑦𝑦) d𝑦𝑦∞
−∞ �d𝑥𝑥′
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 = ∫ 𝑓𝑓(𝑥𝑥′) exp(−i2𝜋𝜋𝜋𝜋𝑥𝑥′) d𝑥𝑥′∞
−∞ × ∫ 𝑔𝑔(𝑦𝑦) exp(i2𝜋𝜋𝜋𝜋𝑦𝑦) d𝑦𝑦∞

−∞  

 = 𝐹𝐹(𝜋𝜋)𝐺𝐺(−𝜋𝜋). 
 

reversing the order of integration 

change of variable: 𝑦𝑦 = 𝑥𝑥′ − 𝑥𝑥 

splitting the complex exponential 


