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Agenda

• Harmonically Related Complex Exponentials

• Discrete-Time Fourier Series Representation

• Properties of Discrete-Time Fourier Series
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Harmonically Related Complex Exponentials

• 𝑥 𝑛 = 𝑥 𝑛 + 𝑁 : periodic discrete-time signal

• ∅𝑘 𝑛 = 𝑒𝑗𝑘𝜔0𝑛

• ∅𝑘 𝑛 = ∅𝑘+𝑟𝑁 𝑛 = 𝑒𝑗𝑘𝜔0𝑛. 𝑒
𝑗𝑘
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𝑁
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Discrete-Time Fourier Series Representation

• 𝑥 𝑛 =  𝑘=0
𝑁−1 𝑎𝑘𝑒

𝑗𝑘𝜔0𝑛 =  𝑘=<𝑁>𝑎𝑘𝑒
𝑗𝑘𝜔0𝑛

• 𝑎𝑘 =
1

𝑁
 𝑛=<𝑁> 𝑥[𝑛]𝑒

−𝑗𝑘𝜔0𝑛

• 𝑎𝑘: spectral coefficients of 𝑥 𝑛

• 𝑎𝑘 = 𝑎𝑘+𝑁
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Linearity

• 𝑥[𝑛] 𝑎𝑘 and 𝑦[𝑛] 𝑏𝑘
• 𝑧[𝑛] = 𝐴𝑥[𝑛] + 𝐵𝑦[𝑛] 𝑐𝑘 = 𝐴𝑎𝑘 + 𝐵𝑏𝑘
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Time Shifting

• 𝑥[𝑛] 𝑎𝑘

• 𝑥[𝑛 − 𝑛0] 𝑒−𝑗𝑘𝜔0𝑛0𝑎𝑘
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Time Reversal

• 𝑥[𝑛] 𝑎𝑘
• 𝑥[−𝑛] 𝑎−𝑘
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Multiplication

• 𝑥[𝑛] 𝑎𝑘 and 𝑦[𝑛] 𝑏𝑘

• 𝑥 𝑛 𝑦[𝑛] 𝑐𝑘 =  𝑙=0
𝑁−1 𝑎𝑙𝑏𝑘−𝑙
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Conjugation and Conjugate Symmetry

• 𝑥[𝑛] 𝑎𝑘
• 𝑥∗[𝑛] 𝑎−𝑘

∗
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First Difference

• 𝑥 𝑛 𝑎𝑘

• 𝑥 𝑛 − 𝑥 𝑛 − 1 1 − 𝑒−𝑗𝑘𝜔0 𝑎𝑘
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Parseval’s Relation for DT Periodic Signals

•
1

𝑁
 𝑛=<𝑁> 𝑥[𝑛]

2 =  𝑛=<𝑁> 𝑎𝑘
2
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