
ROHINI COLLEGE OF ENGINEERING & TECHNOLOGY 

5.3 IMPULSE RESPONSE 

When the input to a discrete time system is a unit impulse 𝛿(𝑛) then the 

output is called an impulse response of the system and is denoted by ℎ(𝑛) 

∴Impulse response ℎ(𝑛) = Η{𝛿(𝑛)} 

      

Impulse response of interconnected systems 

Parallel connections of discrete time systems (Distributive property) 

Consider two LTI systems with impulse response h1(n) and h2(n) 

connected in parallel as shown in Fig  

 

Fig  Parallel connections of discrete time systems 

Cascade connection of discrete time systems (Associative property) 

 

Let us consider two systems with impulse ℎ1(𝑛) and ℎ2(𝑛) connected in cascade 

as shown in   Fig 

Example 1 : Determine the frequency response and impulse response 

                           

Solution: 

                         

Applying DTFT 
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Frequency Response       

            

                   

 

 

Applying Inverse DTFT, 

                              ℎ(𝑛) =
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Example 2:Find response of system using DTFT. 

ℎ(𝑛) = (
1

2
)
𝑛

𝑢(𝑛), 𝑥(𝑛) = (
3

4
)
𝑛

𝑢(𝑛). 

Solution: 

ℎ(𝑛) = (
1

2
)
𝑛

𝑢(𝑛), 𝑥(𝑛) = (
3

4
)
𝑛

𝑢(𝑛). 
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Applying DTFT,     

                                  

 

 

 

 

 

 

 

EC3354 SIGNALS AND SYSTEMS 



ROHINI COLLEGE OF ENGINEERING & TECHNOLOGY 

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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