
Signals and Systems I 
Lecture 6



Last Lecture

• Impulse Response of LTI Systems
• Convolution

Convolution is commutative!

Today

• More on Convolution
• Convolution of and its shifted version
• LTI System Stability & Causality
• Convolution Properties
• LTI System interconnections
• Introduction to Fourier Series (If we have time)



Example: Find the output for the given system ℎ 𝑡 = 𝑒 𝑢 𝑡 and input 𝑥 𝑡 = 𝑒 𝑢(𝑡)

𝑡

1
ℎ 𝑡 =𝑒 𝑢(𝑡) 𝑥 𝑡 = 𝑒 𝑢(𝑡)

𝑡

1

𝜏

1ℎ 𝑡 − 𝜏 𝑥 𝜏

𝑡 0

Convolution
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1
ℎ 𝑡 − 𝜏 𝑥 𝜏

𝑢 𝑡 − 𝜏 𝑢(𝜏)

𝜏

1

𝑡0

𝑡



𝑡0

𝑡 =?

?
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What is the output of system with ℎ 𝑡 = 𝛿(𝑡)

𝑥(𝑡) 𝑦(𝑡)

Identity System
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𝜏0 𝑡𝑎 𝑏

𝛿(𝑡 − 𝜏)

𝜏0 𝑡𝑎 𝑏

𝛿(𝑡 − 𝜏)



𝛿(𝑡 − 𝑇)𝑥(𝑡) 𝑦(𝑡)

𝑡0 5

𝛿(𝑡 − 5)

𝑡0

𝛿(𝑡)

𝑡0

𝑢(𝑡)

𝑡0

𝑢(𝑡 − 5)

Pure Delay System
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Find the outputs:

=

=

=
𝛿(𝑡)

𝛿(𝑡)

𝛿(𝑡)

𝛿(𝑡)

𝛿(𝑡)

=
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Convolution with 



Find the outputs:

=

=

=
𝛿(𝑡)

𝛿(𝑡)

𝛿(𝑡)

𝛿(𝑡)

𝛿(𝑡)

=
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Convolution with 

𝛿(𝑡)



𝑡0
𝛿(𝑡 − 3)

1

0 1𝑡
0

1

2

4
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Convolution with 

𝛿(𝑡)

𝑡
-2 2

2



𝑡0
𝛿(𝑡 − 3)

𝑡01 3

0 1𝑡
0

1

2

4 0

1

2

4
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Convolution with 

𝛿(𝑡)

𝑡
-2 2

2



Two Important Systems

𝑡0

𝑡0

𝑢(𝑡)

𝑡0

𝛿(𝑡)

𝛿′(𝑡)
𝛿(𝑡) 𝛿′(𝑡)

𝑡0

𝑡0

𝑡0

𝛿(𝑡)

𝛿(𝑡) 𝛿(𝑡)

𝑡0

𝑡0

𝑡0

𝑡0

𝑢(𝑡)

𝑡0

𝛿(𝑡)

𝑢(𝑡)
𝛿(𝑡) 𝑢(𝑡)
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Useful Convolution formulas for 
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Example: Find the convolution of ℎ 𝑡 ∗ ℎ (𝑡) where ℎ 𝑡 = ℎ 𝑡 = 𝑢 𝑡 − 𝑢 𝑡 − 1

Useful Convolution formulas for 
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LTI Systems: Stability Test
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LTI Systems: Stability Test
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LTI Systems: Stability Test



𝜏

𝑡0

ℎ(𝑡)

𝜏0

ℎ(−𝜏)

𝑡0

ℎ(𝑡 − 𝜏)
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LTI Systems: Causality Test



𝑡0

ℎ(𝑡)

3 𝑡0−1 3
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LTI Systems: Stability Test and Causality Test

𝑡0

ℎ(𝑡)

−1

1

𝑡0

ℎ(𝑡)

1



𝑡0

ℎ(𝑡)

3 𝑡0−1 3
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LTI Systems: Stability Test and Causality Test

𝑡0

ℎ(𝑡)

−1

1

𝑡0

ℎ(𝑡)

1



𝑡0

ℎ 𝑡 = 𝑒 𝑢(𝑡)

𝑡0

ℎ(𝑡)

𝑡0

ℎ 𝑡 = 𝑒 𝑢(𝑡 + 2)
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LTI Systems: Stability Test and Causality Test



Some Important Properties of Convolution
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Cascaded Systems:

ℎ𝑥(𝑡) 𝑦(𝑡)ℎ
𝑦 (𝑡)

ℎ 𝑡 ∗ ℎ 𝑡𝑥(𝑡) 𝑦(𝑡)

Interconnected Systems
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Parallel Systems:
ℎ 𝑡

𝑥(𝑡)

ℎ 𝑡

𝑦 (𝑡)

𝑦 (𝑡)

𝑦(𝑡)

ℎ 𝑡 + ℎ 𝑡𝑥(𝑡) 𝑦(𝑡)

Interconnected Systems
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Find the overall ℎ(𝑡) of the following system:

ℎ 𝑡

𝑥(𝑡)

ℎ 𝑡

ℎ 𝑡

ℎ 𝑡

𝑦(𝑡)
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Interconnected Systems



Find the overall ℎ(𝑡) of the following system:

ℎ 𝑡

𝑥(𝑡)

ℎ 𝑡

ℎ 𝑡

ℎ 𝑡

𝑦(𝑡)

ℎ 𝑡 + ℎ 𝑡𝑥(𝑡) ℎ 𝑡 + ℎ 𝑡 𝑦(𝑡)

ℎ 𝑡 + ℎ 𝑡 ∗ (ℎ 𝑡 + ℎ 𝑡 )𝑥(𝑡) 𝑦(𝑡)
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Interconnected Systems



𝑥(𝑡)

ℎ 𝑡

𝑦(𝑡)

ℎ 𝑡

ℎ 𝑡

Find the overall ℎ(𝑡) of the following system:
Interconnected Systems
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𝑥(𝑡)

ℎ 𝑡

𝑦(𝑡)

ℎ 𝑡

ℎ 𝑡

𝑥(𝑡)

ℎ 𝑡 ∗ ℎ 𝑡

𝑦(𝑡)ℎ 𝑡

𝑥

𝑦

Find the overall ℎ(𝑡) of the following system:
Interconnected Systems
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𝑢(𝑡)𝑥(𝑡) 𝑦(𝑡)𝛿(𝑡)

ℎ ℎ

𝑢(𝑡)𝑥(𝑡) 𝑦(𝑡)𝛿′(𝑡)

ℎ ℎ
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Interconnected Systems



𝑢(𝑡)𝑥(𝑡) 𝑦(𝑡)𝛿(𝑡)

ℎ ℎ

𝑢(𝑡)𝑥(𝑡) 𝑦(𝑡)𝛿′(𝑡)

ℎ ℎ
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Interconnected Systems



Find the overall ℎ(𝑡) of the following cascade system

ℎ (𝑡)𝑥(𝑡) 𝑦(𝑡)ℎ (𝑡)

Find the overall ℎ(𝑡) of the following cascade system

ℎ (𝑡) = 𝛿(𝑡)

𝑥(𝑡)

ℎ (𝑡) = 2𝛿(𝑡 − 2)

𝑦(𝑡)

𝑡0 2−2

ℎ (𝑡)

Soosan Beheshti, Ryerson University

Interconnected Systems



ℎ 𝑡 = 𝛿(𝑡 + 5)

ℎ (𝑡) = 2𝛿(𝑡 − 1)

𝑡0 1−1

1 𝑥(𝑡)

𝑦 𝑡 =?

𝑡0 1

1
𝑥(𝑡)

2 𝑡0 1

1
ℎ(𝑡)

2 3

Soosan Beheshti, Ryerson University

Interconnected Systems
Find the output:

Find the convolution:



𝑡0 1−1

-1

𝑥(𝑡)
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Convolution 
Find the following convolution:

Use the GUI to evaluate your results 

ℎ(𝑡)

*
3

𝑡0 1−1

-1

𝑥(𝑡)

* 𝑡0 1

2.5

ℎ(𝑡)

3.5

−2



Impulse Response of LTIDE systems (Alternative Approach)

Soosan Beheshti, Ryerson University



𝟏𝜔(𝑡)𝟐

Impulse Response of LTIDE systems (Alternative Approach)

𝟐𝜔 (𝑡)𝟏
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Impulse Response of LTIDE systems (Alternative Approach)
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Impulse Response of LTIDE systems (Alternative Approach)
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Impulse Response of LTIDE systems (Alternative Approach)

𝟐ℎ (𝑡)𝟏
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