
NPRE435: Radiological Imaging, Fall, 2024 
Solutions for Homework 2 

2.1 Determine whether the following signals are separable. Fully justify your answers.  

(𝐚)	𝛿!(𝑥, 𝑦) = * * 𝛿(𝑥 −𝑚, 𝑦 − 𝑛)		
"

#$%"

"

&$%"

 

(𝐛)	𝛿'(𝑥, 𝑦) = 𝛿(𝑥𝑐𝑜𝑠(𝜃) + 𝑦	𝑠𝑖𝑛(𝜃) + 𝑙)		 

(𝐜)	𝑒(𝑥, 𝑦) = 𝑒()*(,!-./!0)		 

(𝐝)	𝑠(𝑥, 𝑦) = 𝑠𝑖𝑛[2𝜋(𝑢2𝑥 + 𝑣2𝑦)]		 

 

Solutions: 

 

 

 

 

 

 

 

 

2.6 Determine whether the system g(x, y) = f(x, −1) + f(0, y) is  

(a) linear?  

(b) shift-invariant? 

 

Solutions: 
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2.7 For each system with the following input-output equation, determine whether the system is (1) linear 
and (2) shift-invariant.   

(a) g(x, y) = f(x, y)f(x − x0, y).  

(b) 𝑔(𝑥, 𝑦) 	= 	 ∫ 𝑓(𝑥, 𝜂)𝑑𝜂"	
%"  

 

Solution: 
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2.9 Consider the 1-D system whose input-output equation is given by  

g(x) = f(x) ∗ f(x),  

where * denotes convolution.  

(a) Write an integral expression that gives g(x) as a function of f(x).  

(b) Determine whether the system is linear.  

(c) Determine whether the system is shift-invariant. 

 

Solution:  
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2.10 (20 pts) Given a continuous signal f(x, y) = x + y2, evaluate the following:  

(a)	𝑓(𝑥, 𝑦)𝛿(𝑥	 − 	1, 𝑦	 − 	2) 

(b) 𝑓(𝑥, 𝑦) 	∗ 	𝛿(𝑥	 − 	1, 𝑦	 − 	2).  

(c) ∫ ∫ 𝛿(𝑥	– 	1, 𝑦	– 	2)𝑓(𝑥, 3)𝑑𝑥	𝑑𝑦"
%"

"
%"  

(d) 𝛿(𝑥	 − 	1, 𝑦	 − 	2) 	∗ 	𝑓(𝑥	 + 	1, 𝑦	 + 	2) 

 

Solution: 
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2.19 (15 pt) Find the Fourier Transforms of the following continuous functions: 

(a)  𝛿!(𝑥, 𝑦) = ∑ ∑ 𝛿(𝑥 −𝑚, 𝑦 − 𝑛)"
#$%"

"
&$%" . 

(b) 𝛿!(𝑥, 𝑦; 𝛥𝑥, 𝛥0) = ∑ ∑ 𝛿(𝑥 −𝑚𝛥𝑥, 𝑦 − 𝑛𝛥𝑦)"
#$%"

"
&$%" . 

 

Solutions:  
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2.23 (10 pt) The PSF of a medical imaging system is given by  

ℎ(𝑥, 𝑦) = 𝑒(%|-|.|0|) 

where x and y are in millimeters. 

(a) Is the system separable? Explain. 
(b) What is the response of the system to the line impulse 𝑓(𝑥, 𝑦) = 𝛿(𝑥)? 
(c) What is the response o the system to the line impulse 𝑓(𝑥, 𝑦) = 𝛿(𝑥 − 𝑦)? 

Solution:  

 


