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5.5 LTI SYSTEM ANALYSIS USING DTFT 

 Output of LTI system is given by linear convolution  

                                          𝑦(𝑛) = ∑ ℎ(𝑘)𝑥(𝑛 − 𝑘)∞
𝑘=−∞  

Let the system be excited by the sinusoidal or phaser 𝑒𝑗𝜔𝑛. 

     ∴ 𝑥(𝑛) = 𝑒𝑗𝜔𝑛 𝑓𝑜𝑟 − ∞ < 𝑛 < ∞   

Hence the signal is complex in nature .It has unit amplitude and frequency  is 

′𝜔′.The output  is given by  

                     𝑦(𝑛) = ∑ ℎ(𝑘)𝑒𝑗𝜔(𝑛−𝑘)∞
𝑘=−∞  

== ∑ ℎ(𝑘)𝑒𝑗𝜔𝑛. 𝑒𝑗𝜔𝑘

∞

𝑘=−∞

 

 

= [ ∑ ℎ(𝑘)𝑒𝑗𝜔𝑘

∞

𝑘=−∞

] 𝑒𝑗𝜔𝑛 

= 𝐻(𝜔)𝑒𝑗𝜔𝑛 

𝐻(𝜔) = ∑ ℎ(𝑘)𝑒𝑗𝜔𝑘

∞

𝑘=−∞

 

𝐻(𝜔) is the Fourier transform of ℎ(𝑘) and  ℎ(𝑘) is the unit sample response. 𝐻(𝜔)  

is called the transfer function of the system. 𝐻(𝜔) is  complex valued function  of 

ɷ in the range −𝜋 ≤ 𝜔 ≤ 𝜋.The transfer function of 𝐻(𝜔) can be expressed in  

polar form as  

                       𝐻(𝜔) = |𝐻(ɷ)|𝑒𝑗⎿𝐻(ɷ) 

|𝐻(ɷ)|𝑖𝑠 𝑡ℎ𝑒 𝑚𝑎𝑔𝑛𝑖𝑡𝑢𝑑𝑒 𝑜𝑓 𝐻(ɷ) 

⎿𝐻(ɷ)𝑖𝑠 𝑡ℎ𝑒 𝑎𝑛𝑔𝑙𝑒 𝑜𝑓 𝐻(ɷ)  
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LTI SYSTEM ANALYSIS USING Z-TRANSFORM 

The Z-Transform of impulse response is called transfer or system function 

H(Z). 

𝑌(𝑍) = 𝑋(𝑍)𝐻(𝑍) 

General form of LCCDE 

                                  

Computing the Z-Transform 

                                  

Example 1: Consider the system described by the difference equation. 

 

Solution: 
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