
Given the difference equation with the input 𝑥 𝑛 = 0.5 𝑛𝑢 𝑛 , calculate the system 
response 𝑦 𝑛

Exercise 1

Introduction to Digital Filtering

Solution

for 𝑛 = 0, 1, 2, 3, 4 and initial condition 𝑥 −1 = −1, 𝑦 −2 = 2, 𝑦 −1 = 1



Exercise 2

For the difference equations find H(z)

a)

b)

Solution
a) Applying Z Transform: 

b) Applying Z Transform: 

𝑌 𝑧 = 0.5 𝑋 𝑧 + 0.5 𝑧−1𝑋(𝑧) 𝑌 𝑧 = [0.5 + 0.5 𝑧−1]𝑋 𝑧

𝑌 𝑧

𝑋 𝑧
= 𝐻 𝑧 = 0.5 + 0.5 𝑧−1

𝑌 𝑧 = 𝑋 𝑧 + 0.25 𝑧−2𝑋 𝑧 − 1.1𝑧−1𝑌 𝑧 − 0.28 𝑧−2𝑌 𝑧

𝑌 𝑧 1 + 1.1𝑧−1𝑌 𝑧 + 0.28 𝑧−2𝑌 𝑧 = [1 + 0.25 𝑧−2]𝑋 𝑧



Exercise 3

Solution

Convert each of the following transfer functions into difference equations:

a) b)

a)

b)



Convert the following transfer function into pole-zero form:

Exercise 4

Solution



Exercise 5

Solution

Given the following transfer function that describe digital system, sketch 
the z-plane pole-zero plot and determine the stability of the digital system.



Exercise 6

Solution

Given the digital system, with a sampling rate of 8,000 Hz,

Determine and plot the magnitude and phase frequency responses. 
Determine the filter type.

𝑌 𝑧 = 0.5 𝑋 𝑧 + 0.5𝑧−2𝑋(𝑧) 𝑌(𝑧) = 0.5 + 0.5 𝑧−2 𝑋(𝑧)

𝑌(𝑧)

𝑋(𝑧)
=

𝐻 𝑒𝑗Ω = 0.5 + 0.5 cos 2Ω − 𝑗𝑠𝑖𝑛 2Ω = 0.5 1 + cos 2Ω − 𝑗0.5 𝑠𝑖𝑛(2Ω)



Band-stop filter.


