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2.5. CONVOLUTION 

 The convolution property of the Z Transform makes it convenient to obtain the Z 

Transform for the convolution of two sequences as the product of their respective Z 

Transforms, then the Z Transform of the convolution of the two sequences x1(n) and 

x2(n) is the product of their corresponding Z transforms. 

Consider a LTI system characterized with the impulse response function h[n] 

 Given an input signal x[n] the output of the system equals y[n] =x[n] ∗h[n] 

y (n)=∑ 𝑥[𝑛 − 𝑘]ℎ[𝑘]∞
𝑘=−∞  

The Z transform of the output is defined as: 

Y (z) = ∑ 𝑦[𝑛]∞
𝑛=−∞ z-n 

=∑ (∑ 𝑥[𝑛 − 𝑘]ℎ[𝑘])𝑧−𝑛∞
𝑘=−∞

∞
𝑛=−∞  

=∑ ℎ[𝑘] ∑ 𝑥[𝑛 − 𝑘]𝑧−𝑛∞
𝑛=−∞

∞
𝑘=−∞

 

= X (z) ∑ ℎ[𝑘]𝑧−𝑘∞
𝑘=−∞  

= X (z) H (z) 

Therefore: 

x (n)*h(n)  
𝑧

→ X(z) H(z) 

Example-1 

Find the inverse z-transform of  
𝑍2

(𝑧−1)(2𝑧−1)
 using convolution theorem. 

Let U(z)=Z{un}=
𝑧

𝑧−1
 and V(z)=Z{vn}= 

𝑧

(2𝑧−1)
 = 

1

2
 (

𝑧

𝑧−
1

2

) 

Clearly un = (1) n and un =  
1  

  2
(

1

𝑧
)𝑛 

Z-1[
𝑧

𝑧−𝑎
] = an 

Now by convolution theorem z-1[U (z).V (z)] = un * vn 

=> z-1 [
𝑧2

(𝑧−1)(2𝑧−1)
] = (1)n * (

1

2
)n+1 

We know that  un* vn = ∑ 𝑢𝑚
𝑛
𝑚=0 𝑣𝑛−𝑚 

= ∑ (1)𝑚𝑛
𝑚=0  (

1

2
)𝑛+1−𝑚 

=(
1

2
)𝑛+1 +(

1

2
)𝑛+(

1

2
)𝑛−1+…..+(

1

2
) 

=
1

  2
[1+

1

2
+(

1

2
)2 + ……+(

1

2
)𝑛 
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Sn = 
𝑎

1−𝑟
 (1-rn) 

= 
1

2
[2(1-(

1

2
)

𝑛+1
)] 

= 1- (
1

2
)

𝑛+1
 


