
Signals and Systems I

Topic 8



Last Lecture: Fourier Series  
Fourier Series 
• ௝ఠ௧

•
•
• Periodic pulse in time Fourier Series in the form of Sinc

Today
• Trigonometric Fourier Series & Exponential Fourier Series 
• LTI Systems, Eigen Function of LTI System ( ௦௧

• LTI Systems & Fourier Series
• More Examples
• Some properties of FS
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Simple Example:

Trigonometric Fourier Series and Exponential Fourier Series

Soosan Beheshti, Ryerson University



LTI system 
ℎ(𝑡) 

𝑥(𝑡) = 𝑒௦௧ 𝑦 𝑡 = 𝐻(𝑠)
௡௨௠௕௘௥

𝑒௦௧

Exponentials ௦௧ and LTI Systems

1{ H(𝑠) ቄ
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LTI system 
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Consider the case for (Pure Imaginary)

LTI system 
ℎ(𝑡) 

𝑥(𝑡) = 𝑒௝ఠ௧ 𝐻(𝑗𝜔)
௡௨௠௕௘௥

𝑒௝ఠ௧

LTI system 
ℎ(𝑡) 

𝑥(𝑡) = ∑𝐷௡𝑒௝ఠబ௧ 𝑦 𝑡 =?

Periodic Signals and LTI Systems
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LTI system 
ℎ(𝑡) 

𝑥(𝑡) = ∑𝐷௡𝑒௝ఠబ௧
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Periodic Signals and LTI Systems

𝑥(𝑡) 𝑦(𝑡)ℎ(𝑡)
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Example: Find the output of the following LTI system to 
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𝑦(𝑡)

ℎ(𝑡)

1

1



Example: Find the output of the following LTI system to 
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1

1
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Periodic Signals and LTI Systems
𝑦(𝑡)

ℎ(𝑡)

1

1
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Example:

ℎ(𝑡)

−1 1

1

Periodic Signals and LTI Systems
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𝑥(𝑡)

−𝑇଴ −𝑇ଵ

−𝑇଴ −𝑇଴ + 𝑇ଵ
−𝑇଴

2

−𝑇ଵ

𝑇ଵ

𝑡 + 1

0

𝑇଴

2

𝑇଴ − 𝑇ଵ

𝑇଴
𝑇଴ + 𝑇ଵ 𝑡



Example:

ℎ(𝑡)

−1 1

1
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𝑥(𝑡)

−𝑇଴ −𝑇ଵ

−𝑇଴ −𝑇଴ + 𝑇ଵ
−𝑇଴

2

−𝑇ଵ

𝑇ଵ

𝑡 + 1

0

𝑇଴

2

𝑇଴ − 𝑇ଵ

𝑇଴
𝑇଴ + 𝑇ଵ 𝑡
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𝑥(𝑡)

−𝑇଴ −𝑇ଵ

−𝑇଴ −𝑇଴ + 𝑇ଵ
−𝑇଴

2

−𝑇ଵ

𝑇ଵ

𝑡 + 1

0

𝑇଴

2

𝑇଴ − 𝑇ଵ

𝑇଴
𝑇଴ + 𝑇ଵ 𝑡
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𝑥(𝑡)

−𝑇଴ −𝑇ଵ

−𝑇଴ −𝑇଴ + 𝑇ଵ
−𝑇଴

2

−𝑇ଵ

𝑇ଵ

𝑡 + 1

0

𝑇଴

2

𝑇଴ − 𝑇ଵ

𝑇଴
𝑇଴ + 𝑇ଵ 𝑡



0 2

𝑥(𝑡)
𝑇ଵ = 2

𝑇଴ = 4, 𝜔଴ =
2𝜋

𝑇଴
=

𝜋

2
𝑡

𝑡 + 1

4−2−4
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𝑛

2

𝜋𝑛

1 2

1
2

𝜋
1

𝜋

|𝐷௡|

𝑛

1

2

𝜋

2

∠𝐷௡

−1

−2

−𝜋

2
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𝑥 𝑡 = ∑𝐷௡𝑒௝ఠబ௡௧ 𝑦 𝑡 = ∑𝐷௡𝐻(𝑗𝜔଴𝑛)𝑒௝ఠబ௡௧

ℎ(𝑡)

−1 1

1
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𝑥 𝑡 = ∑𝐷௡𝑒௝ఠబ௡௧ 𝑦 𝑡 = ∑𝐷௡𝐻(𝑗𝜔଴𝑛)𝑒௝ఠబ௡௧

ℎ(𝑡)

−1 1

1
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Example:

0 𝜋

𝑥(𝑡)
𝑇଴ = 𝜋

𝑡

𝜔଴ =
2𝜋

𝑇଴
= 2

2𝜋−𝜋−2𝜋 3𝜋

sin (𝑡)

Periodic Signals 
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Example:
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𝑛

1 2

∠𝐷௡

−1−2

−𝜋

𝑛

1 2

−2

3𝜋

1

𝜋

 𝐷௡

−1−2

−2

3𝜋

−2

15𝜋

−2

15𝜋
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𝜋



Example:

0 𝜋

2

𝑥(𝑡)

𝑒ି௧

𝑡3𝜋

2
−

𝜋

2
−2𝜋 3𝜋

Periodic Signals 
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Example:

𝜔଴ =
2𝜋

𝜋
= 2

0 𝜋

2

𝑥(𝑡)

𝑒ି௧

𝑡3𝜋

2
−

𝜋

2
−2𝜋 3𝜋

𝑇଴ = 𝜋
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Example:
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𝑛2

𝐷௡

−1−2 1



0 3𝜋

4

𝑥(𝑡)

𝑒ି(௧ି
గ
ସ)

𝑡

𝜔଴ =
2𝜋

𝜋
= 2

7𝜋

4
−

𝜋

4−
5𝜋

4

𝑇଴ = 𝜋

Periodic Input Delay, and LTI Systems
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0 3𝜋

4

𝑥(𝑡)

𝑒ି(௧ି
గ
ସ)

𝑡

𝜔଴ =
2𝜋

𝜋
= 2

7𝜋

4
−

𝜋

4−
5𝜋

4

𝑇଴ = 𝜋



Some Properties of FS
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Time Scaling and FS
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𝑛2

𝐷௡

−1−2 1



Time Scaling and FS
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𝑛2

𝐷௡

−1−2 1 𝑛2

𝐷௡

−1−2 1



Using Finite Number of Coefficients (Gibbs Phenomenon) 
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𝑡0 𝑇ଵ
−𝑇ଵ 𝑇଴ 𝑇଴ + 𝑇ଵ𝑇଴ − 𝑇ଵ−𝑇଴ + 𝑇ଵ−𝑇଴ − 𝑇ଵ

−𝑇଴

𝑥(𝑡)


