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Agenda

• Continuous-Time Fourier Transform for Aperiodic Signals

• Convergence of Fourier Transform

• Continuous-Time Fourier Transform for Periodic Signals
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CT Fourier Transform for Aperiodic Signals

• 𝑥(𝑡) is an aperiodic signal

• 𝑥 𝑡 =
1

2𝜋
 −∞
∞
𝑋(𝑗𝜔)𝑒𝑗𝜔𝑡𝑑𝜔

• 𝑋 𝑗𝜔 =  −∞
∞
𝑥(𝑡)𝑒−𝑗𝜔𝑡𝑑𝑡
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Convergence of CT Fourier Transform

• Dirichlet conditions must be satisfied.
• Aperiodic signal must be absolutely integrable.

• Number of the maxima and minimas of the aperiodic signal must be finite.

• Number of the discontinuities of the aperiodic signal must be finite.
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CT Fourier Transform for Periodic Signals

• Fourier series coefficients, 𝑎𝑘

• 𝑥 𝑡 =  𝑘=−∞
∞ 𝑎𝑘𝑒

𝑗𝑘𝜔0𝑡 : periodic signal

• 𝑋 𝑗𝜔 =  𝑘=−∞
∞ 2𝜋𝑎𝑘𝛿(𝜔 − 𝑘𝜔0)

• Train of impulses
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Linearity

• 𝑥 𝑡 𝑋 𝑗𝜔 and 𝑦 𝑡 𝑌 𝑗𝜔

• 𝑎𝑥 𝑡 + 𝑏𝑦 𝑡 𝑎𝑋 𝑗𝜔 + 𝑏𝑌(𝑗𝜔)

Ankara University Electrical and Electronics Engineering Department, ELE321



Time Shifting

• 𝑥 𝑡 𝑋 𝑗𝜔

• 𝑥 𝑡 − 𝑡0 𝑒−𝑗𝜔𝑡0𝑋(𝑗𝜔)
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Conjugation and Conjugate Symmetry

• 𝑥 𝑡 𝑋 𝑗𝜔

• 𝑥∗ 𝑡 𝑋∗(−𝑗𝜔)
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Differentiation

• 𝑥 𝑡 𝑋 𝑗𝜔

•
𝑑𝑥(𝑡)

𝑑𝑡
𝑗𝜔𝑋(𝑗𝜔)
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Parseval’s Relation

•  −∞
∞

𝑥(𝑡) 2𝑑𝑡 =
1

2𝜋
 −∞
∞

𝑋(𝑗𝜔) 2𝑑𝜔
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Convolution Property

• 𝑦 𝑡 = ℎ 𝑡 ∗ 𝑥 𝑡 𝑌 𝑗𝜔 = 𝐻(𝑗𝜔)𝑋(𝑗𝜔)

• Time domain: convolution

• Frequency domain: multiplication
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Multiplication (Modulation) Property

• 𝑟 𝑡 = 𝑠 𝑡 𝑝 𝑡 𝑅 𝑗𝜔 =
1

2𝜋
 −∞
∞
𝑆 𝑗𝜃 𝑃 𝑗 𝜔 − 𝜃 𝑑𝜃

• Time domain: multiplication (amplitude modulation)

• Frequency domain: convolution
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Systems Characterized by Linear Constant
Coefficient Differential Equations
• 𝑌 𝑗𝜔 = 𝐻 𝑗𝜔 𝑋(𝑗𝜔)

• 𝐻 𝑗𝜔 =
 𝑘=0
𝑀 𝑏𝑘(𝑗𝜔)

𝑘

 𝑘=0
𝑁 𝑎𝑘(𝑗𝜔)

𝑘
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