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Chap 3 The z-transform

• 3.1 Motivation
• 3.2 The z-transform
• 3.3 The inverse z-transform
• 3.4 Properties of the z-transform
• 3.5 System function of LTI systems
• 3.6 LTI systems characterized by LCCDE
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Eigenfunctions of LTI systems
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Consider a complex exponential sequence as the system input:

The system response becomes:

Therefore, 𝑧𝑧𝑛𝑛 is an eigenfunction of the system with an eigenvalue 𝐻𝐻(𝑧𝑧):

System or transfer function 𝐻𝐻(𝑧𝑧) is the z-transform of impulse response ℎ(𝑛𝑛).
3.1



The z-transform is a powerful tool
• Helps to understand, analyze, and design LTI systems
• Provides insight of input/output signals
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⇓

3.1



The z-transform
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Examples
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Impulse signal

ROC: region of convergence

⇓Square-pulse signal

3.2



Causal exponential sequence
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Anticausal exponential sequence
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The unique specification of a sequence requires both 
the z-transform and its ROC.

3.2



The inverse z-transform
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Formal formula

Empirical way
Partial fraction expansion 

+ ROC definition

3.3



Example
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⇒ 𝐴𝐴1 = 4,𝐴𝐴2 = −3

3.3



Partial fraction expansion
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⇓

Finite-length sequence Exponential sequence



Properties of the z-transform
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System function of LTI systems
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ROC of Y(z) is the ROC overlap of H(z) and X(z).

3.5



Causality and stability
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⟹

3.5



System function algebra
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LTI systems characterized by LCCDE
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Causal linear constant-coefficient difference equation:

⟹

Infinite impulse response (IIR) if existsFinite impulse response (FIR) if N=0
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