


❖

•

❖

•

•

❖

•



•

•

•

•

•

•

•

•

•



❖

•

•

•



❖

•

•



❖

•

•



❖

•

•



❖

•

•



❖

•

•



❖

•

•



❖

• 𝑡)

•



❖

• 𝑡)

•



❖

•

•

x t = 𝐴cos 2𝜋𝑓0𝑡 +∅ = 𝐴cos 𝑤0𝑡 +∅

𝟐𝒄𝒐𝒔 𝟐𝝅𝒕𝒄𝒐𝒔 𝟐𝝅𝒕
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• 𝑡)

•



❖

•

•

• ω

x t = 𝐴cos 2𝜋𝑓0𝑡 +∅ = 𝐴cos 𝑤0𝑡 +∅

𝜃

ω

𝜃= ω 𝑡
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•

•

• ω

x t = 𝐴cos 2𝜋𝑓0𝑡 +∅ = 𝐴cos 𝑤0𝑡 +∅

𝜃

ω

𝜃= ω 𝑡



❖

•

•

• ω

𝜃

ω

𝜃= ω 𝑡 ω = radian/sec

x t = 𝐴cos 2𝜋𝑓0𝑡 +∅ = 𝐴cos 𝑤0𝑡 +∅



❖

•

•

𝜃= ω 𝑡

ω = radian/sec

𝜋

𝜋

x t = 𝐴cos 2𝜋𝑓0𝑡 +∅ = 𝐴cos 𝑤0𝑡 +∅

초당 °회전
≈
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•

•

𝜋

𝜋

x t = 𝐴cos 2𝜋𝑓0𝑡 +∅ = 𝐴cos 𝑤0𝑡 +∅

초당 °회전
≈

𝜃= ω 𝑡

ω = radian/sec



❖

•

•
𝒄𝒐𝒔 𝟏 ∗ 𝟐𝝅𝒕𝒄𝒐𝒔 𝟎.𝟐𝟓 ∗ 𝟐𝝅𝒕

x t = 𝐴cos 2𝜋𝑓0𝑡 +∅ = 𝐴cos 𝑤0𝑡 +∅
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• 𝑡)

•



❖

•

• ∅

𝒄𝒐𝒔 𝟐𝝅𝒕+
𝝅

𝟐𝒄𝒐𝒔 𝟐𝝅𝒕



❖

x t = 𝐴cos 2𝜋𝑓0𝑡 +∅ = 𝐴cos 𝑤0𝑡 +∅
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•

•

x t = 𝐴cos 2𝜋𝑓0𝑡 +∅ = 𝐴cos 𝑤0𝑡 +∅

𝑟
𝑥

𝑦

𝜃

𝑧 = (𝑥, 𝑦)

j



❖

•

•

•

x t = 𝐴cos 2𝜋𝑓0𝑡 +∅ = 𝐴cos 𝑤0𝑡 +∅

𝑟
𝑥

𝑦

𝜃

𝑧 = (𝑥, 𝑦)

j

x = 𝑟𝑐𝑜𝑠 θ
𝑦 = 𝑟𝑠𝑖𝑛 θ



❖

•

•

•

x t = 𝐴cos 2𝜋𝑓0𝑡 +∅ = 𝐴cos 𝑤0𝑡 +∅

𝑟
𝑥

𝑦

𝜃

𝑧 = (𝑥, 𝑦)

j

x = 𝑟𝑐𝑜𝑠 θ
𝑦 = 𝑟𝑠𝑖𝑛 θ

𝑧 = 𝑟𝑐𝑜𝑠 θ + jrsin θ
𝑧 = 𝑟(cos θ + 𝑗𝑠𝑖𝑛 θ )



❖

•

•

•

x t = 𝐴cos 2𝜋𝑓0𝑡 +∅ = 𝐴cos 𝑤0𝑡 +∅

𝒆𝒋𝜽 = cos θ + 𝑗𝑠𝑖𝑛 θ

𝑟
𝑥

𝑦

𝜃

𝑧 = (𝑥, 𝑦)

j

x = 𝑟𝑐𝑜𝑠 θ
𝑦 = 𝑟𝑠𝑖𝑛 θ

𝑧 = 𝑟𝑐𝑜𝑠 θ + jrsin θ
𝑧 = 𝑟(cos θ + 𝑗𝑠𝑖𝑛 θ )

𝑧 = 𝑟𝒆𝒋𝛉



❖

•

•

•

𝑟
𝑥

𝑦

𝜃

𝑧 = (𝑥, 𝑦)
𝑧 = 𝑟𝑒𝑗θ

x t = 𝐴cos 2𝜋𝑓0𝑡 +∅ = 𝐴cos 𝑤0𝑡 +∅

𝑧 𝑟

θ=𝑤𝑡+∅

𝑧 𝑡 = 𝑟𝑒𝑗(𝑤𝑡+∅)

∅



❖

•

•

•

𝑟
𝑥

𝑦

𝜃

𝑧 = (𝑥, 𝑦)
𝑧 = 𝑟𝑒𝑗θ

x t = 𝐴cos 2𝜋𝑓0𝑡 +∅ = 𝐴cos 𝑤0𝑡 +∅

𝑧 𝑟

∅

θ=𝑤𝑡+∅

e𝑗𝜃 = cos θ + 𝑗𝑠𝑖𝑛 θ

𝑧 𝑡 = 𝑟𝑐𝑜𝑠 𝑤𝑡 + ∅ + 𝑗𝑟𝑠𝑖𝑛 𝑤𝑡 + ∅

𝑧 𝑡 = 𝑟𝑒𝑗(𝑤𝑡+∅)



❖

•

•

•

𝑟
𝑥

𝑦

𝜃

𝑧 = (𝑥, 𝑦)
𝑧 = 𝑟𝑒𝑗θ

x t = 𝐴cos 2𝜋𝑓0𝑡 +∅ = 𝐴cos 𝑤0𝑡 +∅

𝑧 𝑟

∅

θ=𝑤𝑡+∅

e𝑗𝜃 = cos θ + 𝑗𝑠𝑖𝑛 θ

𝑧 𝑡 = 𝑟𝑐𝑜𝑠 𝑤𝑡 + ∅ + 𝑗𝑟𝑠𝑖𝑛 𝑤𝑡 + ∅

𝑧 𝑡 = 𝑟𝑒𝑗(𝑤𝑡+∅)

𝑧 𝑡 = 𝑟𝑐𝑜𝑠 2πf𝑡 + ∅ + 𝑗𝑟𝑠𝑖𝑛(2πft + ∅)



❖

•

•

•

𝑟
𝑥

𝑦

𝜃

𝑧 = (𝑥, 𝑦)

x t = 𝐴cos 2𝜋𝑓0𝑡 +∅ = 𝐴cos 𝑤0𝑡 +∅

𝑧 𝑡 = 𝑟𝑒𝑗(𝑤𝑡+∅)

𝑧 𝑡 = 𝑟𝑐𝑜𝑠 2πf𝑡 + ∅ + 𝑗𝑟𝑠𝑖𝑛(2πft + ∅)

𝑧 𝑟
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•

•

𝑟
𝑥

𝑦

𝜃

𝑧 = (𝑥, 𝑦)

x t = 𝐴cos 2𝜋𝑓0𝑡 +∅ = 𝐴cos 𝑤0𝑡 +∅

𝑟
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•

•

𝑟
𝑥

𝑦

𝜃

𝑧 = (𝑥, 𝑦)

x t = 𝐴cos 2𝜋𝑓0𝑡 +∅ = 𝐴cos 𝑤0𝑡 +∅
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•

•

•

𝑟
𝑥

𝑦

𝜃

𝑧 = (𝑥, 𝑦)

x t = 𝐴cos 2𝜋𝑓0𝑡 +∅ = 𝐴cos 𝑤0𝑡 +∅
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•

• 𝑇𝑠 (t = n𝑇𝑠)

• 𝑇𝑠

𝑥 𝑡 = cos(2𝜋ft) 𝑥 𝑛𝑇𝑠 = cos 2𝜋fnTs

x t = 𝐴cos 2𝜋𝑓0𝑡 +∅ = 𝐴cos 𝑤0𝑡 +∅
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•

• 𝑇𝑠 (t = n𝑇𝑠)

• 𝑇𝑠

𝑥 𝑡 = cos(2𝜋ft) 𝑥 𝑛𝑇𝑠 = cos 2𝜋fnTs

x t = 𝐴cos 2𝜋𝑓0𝑡 +∅ = 𝐴cos 𝑤0𝑡 +∅
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•

•
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•

•



❖

•

•
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•

•
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•

•

김창현의 운동 계획

1일차 등 가슴 하체 어깨

2일차 어깨

3일차 등 어깨

4일차 가슴 어깨

5일차 등 하체 어깨

6일차 어깨

7일차 등 가슴 어깨



❖

•

•

김창현의 운동 계획

1일차 등 가슴 하체 어깨

2일차 어깨

3일차 등 어깨

4일차 가슴 어깨

5일차 등 하체 어깨

6일차 어깨

7일차 등 가슴 어깨

··· ···

100일차 가슴 어께
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•

•

김창현의 운동 계획

1일차 등 가슴 하체 어깨

2일차 어깨

3일차 등 어깨

4일차 가슴 어깨

5일차 등 하체 어깨

6일차 어깨

7일차 등 가슴 어깨

··· ···

100일차 가슴 어께

김창현의 운동 계획

1일마다 어깨

2일마다 등

3일마다 가슴

4일마다 하체
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•

• 𝑇𝑠

•

𝑋 𝑘 = ෍

𝑛=0

𝑁−1

𝑥 𝑛 𝑒𝑥𝑝(−𝑗
2𝜋

𝑁
𝑛𝑘)

𝑥 𝑛 𝑋 𝑘
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•

• 𝑇𝑠

•

𝑥 𝑛 =

𝑥[0]
𝑥[1]
⋮

𝑥[𝑁 − 1]

𝑥 𝑛
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•

• 𝑇𝑠

•

𝑋 𝑘 =

𝑋[0]
𝑋[1]
⋮

𝑋[𝑁 − 1]

𝑋 𝑘



❖

•

• 𝑇𝑠

•

𝑋 𝑘 =

𝑋[0]
𝑋[1]
⋮

𝑋[𝑁 − 1]

𝑥 𝑛 =

𝑥[0]
𝑥[1]
⋮

𝑥[𝑁 − 1]

𝑋 𝑘 = ෍

𝑛=0

𝑁−1

𝑥 𝑛 𝑒𝑥𝑝(−𝑗
2𝜋

𝑁
𝑛𝑘)



❖

•

• 𝑇𝑠

•

𝑋 𝑘 =

𝑋[0]
𝑋[1]
⋮

𝑋[𝑁 − 1]

𝑥 𝑛 =

𝑥[0]
𝑥[1]
⋮

𝑥[𝑁 − 1]

𝑋 𝑘 = ෍

𝑛=0

𝑁−1

𝑥 𝑛 𝑒𝑥𝑝(−𝑗
2𝜋

𝑁
𝑛𝑘)
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•

•

𝑋 0 = 𝑥 0 𝑒𝑥𝑝 −𝑗
2𝜋

𝑁
0 ∗ 0 + 𝑥 1 𝑒𝑥𝑝 −𝑗

2𝜋

𝑁
1 ∗ 0 + 𝑥 2 𝑒𝑥𝑝 −𝑗

2𝜋

𝑁
2 ∗ 0 + ⋯+ 𝑥 𝑁 − 1 𝑒𝑥𝑝 −𝑗

2𝜋

𝑁
(𝑁 − 1) ∗ 0

= 𝑥 0 ∗ 1 + 𝑥 1 ∗ 1 + 𝑥 2 ∗ 1 + ⋯+ 𝑥 𝑁 − 1 ∗ 1

𝑋 1 = 𝑥 0 𝑒𝑥𝑝 −𝑗
2𝜋

𝑁
0 ∗ 1 + 𝑥 1 𝑒𝑥𝑝 −𝑗

2𝜋

𝑁
1 ∗ 1 + 𝑥 2 𝑒𝑥𝑝 −𝑗

2𝜋

𝑁
2 ∗ 1 + ⋯+ 𝑥 𝑁 − 1 𝑒𝑥𝑝 −𝑗

2𝜋

𝑁
(𝑁 − 1) ∗ 1

= 𝑥 0 𝑒𝑥𝑝 −𝑗
2𝜋

𝑁
0 + 𝑥 1 𝑒𝑥𝑝 −𝑗

2𝜋

𝑁
1 + 𝑥 2 𝑒𝑥𝑝 −𝑗

2𝜋

𝑁
2 +⋯+ 𝑥 𝑁 − 1 𝑒𝑥𝑝 −𝑗

2𝜋

𝑁
(𝑁 − 1)
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•

•

𝑋 0 = 𝑥 0 𝑒𝑥𝑝 −𝑗
2𝜋

𝑁
0 ∗ 0 + 𝑥 1 𝑒𝑥𝑝 −𝑗

2𝜋

𝑁
1 ∗ 0 + 𝑥 2 𝑒𝑥𝑝 −𝑗

2𝜋

𝑁
2 ∗ 0 + ⋯+ 𝑥 𝑁 − 1 𝑒𝑥𝑝 −𝑗

2𝜋

𝑁
(𝑁 − 1) ∗ 0

= 𝑥 0 ∗ 1 + 𝑥 1 ∗ 1 + 𝑥 2 ∗ 1 + ⋯+ 𝑥 𝑁 − 1 ∗ 1

𝑋 1 = 𝑥 0 𝑒𝑥𝑝 −𝑗
2𝜋

𝑁
0 ∗ 1 + 𝑥 1 𝑒𝑥𝑝 −𝑗

2𝜋

𝑁
1 ∗ 1 + 𝑥 2 𝑒𝑥𝑝 −𝑗

2𝜋

𝑁
2 ∗ 1 + ⋯+ 𝑥 𝑁 − 1 𝑒𝑥𝑝 −𝑗

2𝜋

𝑁
(𝑁 − 1) ∗ 1

= 𝑥 0 𝑒𝑥𝑝 −𝑗
2𝜋

𝑁
0 + 𝑥 1 𝑒𝑥𝑝 −𝑗

2𝜋

𝑁
1 + 𝑥 2 𝑒𝑥𝑝 −𝑗

2𝜋

𝑁
2 +⋯+ 𝑥 𝑁 − 1 𝑒𝑥𝑝 −𝑗

2𝜋

𝑁
(𝑁 − 1)

= 𝑥 0 𝑤0 + 𝑥 1 𝑤1 + 𝑥 2 𝑤2 +⋯+ 𝑥 𝑁 − 1 𝑤𝑁−1

𝒘 = 𝒆𝒙𝒑(−𝒋
𝟐𝝅

𝑵
)



❖

•

•

𝒘 = 𝒆𝒙𝒑(−𝒋
𝟐𝝅

𝑵
)

𝑋 1 = 𝑥 0 𝑤0 + 𝑥 1 𝑤1 + 𝑥 2 𝑤2 +⋯+ 𝑥 𝑁 − 1 𝑤𝑁−1

𝑋 𝑖 = 𝑥 0 𝑤0 + 𝑥 1 𝑤𝑖×1 + 𝑥 2 𝑤𝑖×2 + ⋯+ 𝑥 𝑁 − 1 𝑤𝑖×𝑁−1𝑖 𝑋 𝑖



❖

•

•

𝒘 = 𝒆𝒙𝒑(−𝒋
𝟐𝝅

𝑵
)

𝑖 𝑋 𝑖

𝑋 𝑘 =

𝑋[0]
𝑋[1]
⋮

𝑋[𝑁 − 1]

=

𝑤0×0

𝑤1×0
𝑤0×1

𝑤1×1
𝑤0×2

𝑤1×2

⋮ ⋮ ⋮
𝑤𝑁−1×0 𝑤𝑁−1×1 𝑤(𝑁−1)×2

⋯
⋯

𝑤0×𝑁−1

𝑤1×𝑁−1

⋱ ⋮
⋯ 𝑤 𝑁−1 ×(𝑁−1)

𝑥[0]
𝑥[1]
⋮

𝑥[𝑁 − 1]

𝑋 1 = 𝑥 0 𝑤0 + 𝑥 1 𝑤1 + 𝑥 2 𝑤2 +⋯+ 𝑥 𝑁 − 1 𝑤𝑁−1

𝑋 𝑖 = 𝑥 0 𝑤0 + 𝑥 1 𝑤𝑖×1 + 𝑥 2 𝑤𝑖×2 + ⋯+ 𝑥 𝑁 − 1 𝑤𝑖×𝑁−1
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•

•

𝒘 = 𝒆𝒙𝒑(−𝒋
𝟐𝝅

𝑵
)

𝑖 𝑋 𝑖

𝑋 𝑘 =

𝑋[0]
𝑋[1]
⋮

𝑋[𝑁 − 1]

=

𝑤0×0

𝑤1×0
𝑤0×1

𝑤1×1
𝑤0×2

𝑤1×2

⋮ ⋮ ⋮
𝑤𝑁−1×0 𝑤𝑁−1×1 𝑤(𝑁−1)×2

⋯
⋯

𝑤0×𝑁−1

𝑤1×𝑁−1

⋱ ⋮
⋯ 𝑤 𝑁−1 ×(𝑁−1)

𝑥[0]
𝑥[1]
⋮

𝑥[𝑁 − 1]

𝑋 1 = 𝑥 0 𝑤0 + 𝑥 1 𝑤1 + 𝑥 2 𝑤2 +⋯+ 𝑥 𝑁 − 1 𝑤𝑁−1

𝑋 𝑖 = 𝑥 0 𝑤0 + 𝑥 1 𝑤𝑖×1 + 𝑥 2 𝑤𝑖×2 + ⋯+ 𝑥 𝑁 − 1 𝑤𝑖×𝑁−1



❖

•

•

•

𝒘 = 𝒆𝒙𝒑(−𝒋
𝟐𝝅

𝑵
)

𝑋 𝑘 =

𝑋[0]
𝑋[1]
⋮

𝑋[𝑁 − 1]

=

𝑤0×0

𝑤1×0
𝑤0×1

𝑤1×1
𝑤0×2

𝑤1×2

⋮ ⋮ ⋮
𝑤𝑁−1×0 𝑤𝑁−1×1 𝑤(𝑁−1)×2

⋯
⋯

𝑤0×𝑁−1

𝑤1×𝑁−1

⋱ ⋮
⋯ 𝑤 𝑁−1 ×(𝑁−1)

𝑥[0]
𝑥[1]
⋮

𝑥[𝑁 − 1]



❖

•

• (𝒘)

𝑧 𝑟

𝜃𝑟𝑎𝑑𝑖𝑎𝑛

𝑧 = 𝑟𝒆𝒋𝛉



❖

•

• (𝒘)

𝒘 = 𝒆𝒙𝒑(−𝒋
𝟐𝝅

𝑵
)

−
𝟐𝝅

𝑵
𝑟𝑎𝑑𝑖𝑎𝑛

𝒘 = 𝒆𝒙𝒑(−𝒋
𝟐𝝅

𝟖
)

-
2𝜋

8

𝜋
≈



❖

•

• (𝒘)

𝒘 = 𝒆𝒙𝒑(−𝒋
𝟐𝝅

𝑵
)

−
𝟐𝝅

𝑵
𝑟𝑎𝑑𝑖𝑎𝑛

𝒘 = 𝒆𝒙𝒑(−𝒋
𝟐𝝅

𝟖
)

𝑋[0]
𝑋[1]
𝑋[2]
𝑋[3]
𝑋[4]
𝑋[5]
𝑋[6]
𝑋[7]

= 

𝑤0×0

𝑤1×0

𝑤2×0

𝑤3×0

𝑤4×0

𝑤5×0

𝑤6×0

𝑤7×0

𝑤0×1

𝑤1×1

𝑤2×1

𝑤3×1

𝑤4×1

𝑤5×1

𝑤6×1

𝑤7×1

𝑤0×2

𝑤1×2

𝑤2×2

𝑤3×2

𝑤4×2

𝑤5×2

𝑤6×2

𝑤7×2

𝑤0×3

𝑤1×3

𝑤2×3

𝑤3×3

𝑤4×3

𝑤5×3

𝑤6×3

𝑤7×3

𝑤0×4

𝑤1×4

𝑤2×4

𝑤3×4

𝑤4×4

𝑤5×4

𝑤6×4

𝑤7×4

𝑤0×5

𝑤1×5

𝑤2×5

𝑤3×5

𝑤4×5

𝑤5×5

𝑤6×5

𝑤7×5

𝑤0×6

𝑤1×6

𝑤2×6

𝑤3×6

𝑤4×6

𝑤5×6

𝑤6×6

𝑤7×6

𝑤0×7

𝑤1×7

𝑤2×7

𝑤3×7

𝑤4×7

𝑤5×7

𝑤6×7

𝑤7×7

𝑥[0]
𝑥[1]
𝑥[2]
𝑥[3]
𝑥[4]
𝑥[5]
𝑥[6]
𝑥[7]



❖

•

•

•

𝑟
𝑥

𝑦

𝜃

𝑧 = (𝑥, 𝑦)

x t = 𝐴cos 2𝜋𝑓0𝑡 +∅ = 𝐴cos 𝑤0𝑡 +∅



❖

• (𝒘)

𝒘 = 𝒆𝒙𝒑(−𝒋
𝟐𝝅

𝟖
)

𝑅𝑒𝑎𝑙 (𝐼𝑚𝑎𝑔𝑖𝑛𝑎𝑦)

cosine + j sine



❖

• (𝒘)

•

cosine
𝑅𝑒𝑎𝑙 (𝐼𝑚𝑎𝑔𝑖𝑛𝑎𝑦)

j sine



❖

• (𝒘)

•

cosine
𝑅𝑒𝑎𝑙 (𝐼𝑚𝑎𝑔𝑖𝑛𝑎𝑦)

j sine

ൗ𝟐 𝟖

ൗ𝟏 𝟖

ൗ𝟎 𝟖

ൗ𝟑 𝟖
ൗ𝟒 𝟖
ൗ𝟓 𝟖

ൗ𝟕 𝟖

ൗ𝟔 𝟖



❖

• (𝒘)

•

•

cosine
𝑅𝑒𝑎𝑙 (𝐼𝑚𝑎𝑔𝑖𝑛𝑎𝑦)

j sine

ൗ𝟐 𝟖

ൗ𝟏 𝟖

ൗ𝟎 𝟖

ൗ𝟑 𝟖
ൗ𝟒 𝟖
ൗ𝟓 𝟖

ൗ𝟕 𝟖

ൗ𝟔 𝟖



❖

• 𝒘

• (𝒘)

•

𝑋[0]

𝑋[1]

𝑋[2]

𝑋[3]

𝑋[4]

𝑋[5]

𝑋[6]

𝑋[7]

𝑤0×0

𝑤1×0

𝑤2×0

𝑤3×0

𝑤4×0

𝑤5×0

𝑤6×0

𝑤7×0

𝑤0×1

𝑤1×1

𝑤2×1

𝑤3×1

𝑤4×1

𝑤5×1

𝑤6×1

𝑤7×1

𝑤0×2

𝑤1×2

𝑤2×2

𝑤3×2

𝑤4×2

𝑤5×2

𝑤6×2

𝑤7×2

𝑤0×3

𝑤1×3

𝑤2×3

𝑤3×3

𝑤4×3

𝑤5×3

𝑤6×3

𝑤7×3

𝑤0×4

𝑤1×4

𝑤2×4

𝑤3×4

𝑤4×4

𝑤5×4

𝑤6×4

𝑤7×4

𝑤0×5

𝑤1×5

𝑤2×5

𝑤3×5

𝑤4×5

𝑤5×5

𝑤6×5

𝑤7×5

𝑤0×6

𝑤1×6

𝑤2×6

𝑤3×6

𝑤4×6

𝑤5×6

𝑤6×6

𝑤7×6

𝑤0×7

𝑤1×7

𝑤2×7

𝑤3×7

𝑤4×7

𝑤5×7

𝑤6×7

𝑤7×7

𝑥[0]

𝑥[1]

𝑥[2]

𝑥[3]

𝑥[4]

𝑥[5]

𝑥[6]

𝑥[7]

cosine
cosine
cosine
cosine
cosine
cosine
cosine
cosine

+ j

sine
sine
sine
sine
sine
sine
sine
sine

𝑥[0]

𝑥[1]

𝑥[2]

𝑥[3]

𝑥[4]

𝑥[5]

𝑥[6]

𝑥[7]



𝑋[0]

𝑋[1]

𝑋[2]

𝑋[3]

𝑋[4]

𝑋[5]

𝑋[6]

𝑋[7]

𝑤0×0

𝑤1×0

𝑤2×0

𝑤3×0

𝑤4×0

𝑤5×0

𝑤6×0

𝑤7×0

𝑤0×1

𝑤1×1

𝑤2×1

𝑤3×1

𝑤4×1

𝑤5×1

𝑤6×1

𝑤7×1

𝑤0×2

𝑤1×2

𝑤2×2

𝑤3×2

𝑤4×2

𝑤5×2

𝑤6×2

𝑤7×2

𝑤0×3

𝑤1×3

𝑤2×3

𝑤3×3

𝑤4×3

𝑤5×3

𝑤6×3

𝑤7×3

𝑤0×4

𝑤1×4

𝑤2×4

𝑤3×4

𝑤4×4

𝑤5×4

𝑤6×4

𝑤7×4

𝑤0×5

𝑤1×5

𝑤2×5

𝑤3×5

𝑤4×5

𝑤5×5

𝑤6×5

𝑤7×5

𝑤0×6

𝑤1×6

𝑤2×6

𝑤3×6

𝑤4×6

𝑤5×6

𝑤6×6

𝑤7×6

𝑤0×7

𝑤1×7

𝑤2×7

𝑤3×7

𝑤4×7

𝑤5×7

𝑤6×7

𝑤7×7

𝑥[0]

𝑥[1]

𝑥[2]

𝑥[3]

𝑥[4]

𝑥[5]

𝑥[6]

𝑥[7]

cosine
cosine
cosine
cosine
cosine
cosine
cosine
cosine

+ j

sine
sine
sine
sine
sine
sine
sine
sine

𝑥[0]

𝑥[1]

𝑥[2]

𝑥[3]

𝑥[4]

𝑥[5]

𝑥[6]

𝑥[7]

❖



❖

•

• 𝑂( 2)

𝑤𝑁=4
0

𝑤𝑁=4
0

𝑤𝑁=4
0

𝑤𝑁=4
0

𝑤𝑁=4
0

𝑤𝑁=4
1

𝑤𝑁=4
2

𝑤𝑁=4
3

𝑤𝑁=4
0

𝑤𝑁=4
2

𝑤𝑁=4
4

𝑤𝑁=4
6

𝑤𝑁=4
0

𝑤𝑁=4
3

𝑤𝑁=4
6

𝑤𝑁=4
9

16

𝑤𝑁=2
0

𝑤𝑁=2
0

𝑤𝑁=2
0

𝑤𝑁=2
1

4

𝑤𝑁=1
0

1



❖

•

• 𝑂( 2)

•

𝑤𝑁=4
0

𝑤𝑁=4
0

𝑤𝑁=4
0

𝑤𝑁=4
0

𝑤𝑁=4
0

𝑤𝑁=4
1

𝑤𝑁=4
2

𝑤𝑁=4
3

𝑤𝑁=4
0

𝑤𝑁=4
2

𝑤𝑁=4
4

𝑤𝑁=4
6

𝑤𝑁=4
0

𝑤𝑁=4
3

𝑤𝑁=4
6

𝑤𝑁=4
9

-
2𝜋

8

𝒘 = 𝒆𝒙𝒑(−𝒋
𝟐𝝅

𝑵
)



F4P4 =

𝑤𝑁=4
0

𝑤𝑁=4
0

𝑤𝑁=4
0

𝑤𝑁=4
0

𝑤𝑁=4
0

𝑤𝑁=4
1

𝑤𝑁=4
2

𝑤𝑁=4
3

𝑤𝑁=4
0

𝑤𝑁=4
2

𝑤𝑁=4
4

𝑤𝑁=4
6

𝑤𝑁=4
0

𝑤𝑁=4
3

𝑤𝑁=4
6

𝑤𝑁=4
9

1
0
0
0

0
0
1
0

0
1
0
0

0
0
0
1

=

𝑤𝑁=4
0

𝑤𝑁=4
0

𝑤𝑁=4
0

𝑤𝑁=4
0

𝑤𝑁=4
0

𝑤𝑁=4
2

𝑤𝑁=4
4

𝑤𝑁=4
6

𝑤𝑁=4
0

𝑤𝑁=4
1

𝑤𝑁=4
2

𝑤𝑁=4
3

𝑤𝑁=4
0

𝑤𝑁=4
3

𝑤𝑁=4
6

𝑤𝑁=4
9

F4

F2 =
𝑤𝑁=2
0

𝑤𝑁=2
0

𝑤𝑁=2
0

𝑤𝑁=2
1

DN =
𝑤2𝑁
0

𝑤2𝑁
1

𝑤2𝑁
n−1

P4 =

1
0
0
0

0
0
1
0

0
1
0
0

0
0
0
1

F1 = 𝑤𝑁=1
0𝑤𝑁

0=1

F4 =
I2
I2

D2

−D2

F2
0

0
F2

P4
T

= 

𝑤𝑁=2
0

𝑤𝑁=2
0

𝑤𝑁=2
0

𝑤𝑁=2
0

𝑤𝑁=2
0

𝑤𝑁=2
1

𝑤𝑁=2
2

𝑤𝑁=2
3

𝑤𝑁=4
0 𝑤𝑁=2

0

𝑤𝑁=4
1 𝑤𝑁=2

0

𝑤𝑁=4
0 𝑤𝑁=2

1

𝑤𝑁=4
1 𝑤𝑁=2

1

𝑤𝑁=4
0 𝑤𝑁=2

0

𝑤𝑁=4
1 𝑤𝑁=2

1

𝑤𝑁=4
0 𝑤𝑁=2

3

𝑤𝑁=4
1 𝑤𝑁=2

4

= 

𝑤𝑁=2
0

𝑤𝑁=2
0

𝑤𝑁=2
0

𝑤𝑁=2
0

𝑤𝑁=2
0

𝑤𝑁=2
1

𝑤𝑁=2
0

𝑤𝑁=2
1

𝑤𝑁=4
0 𝑤𝑁=2

0

𝑤𝑁=4
1 𝑤𝑁=2

0

−𝑤𝑁=4
0 𝑤𝑁=2

0

−𝑤𝑁=4
1 𝑤𝑁=2

0

𝑤𝑁=4
0 𝑤𝑁=2

0

𝑤𝑁=4
1 𝑤𝑁=2

1

−𝑤𝑁=4
0 𝑤𝑁=2

0

−𝑤𝑁=4
1 𝑤𝑁=2

1

= 
F2
F2

D2F2
−D2F2

= 
I2
I2

D2

−D2

F2
0

0
F2

❖



= 
I2
I2

D2

−D2

I1
I1

D1
−D1

0

0

I1
I1

D1
−D1

F1
0

0
F1

0

0

F1
0

0
F1

P2
0

0
P2

P4
T

F4 =
I2
I2

D2

−D2

F2
0

0
F2

P4
T

F2 =
𝑤𝑁=2
0

𝑤𝑁=2
0

𝑤𝑁=2
0

𝑤𝑁=2
1

DN =
𝑤2𝑁
0

𝑤2𝑁
1

𝑤2𝑁
n−1

P4 =

1
0
0
0

0
0
1
0

0
1
0
0

0
0
0
1

F1 = 𝑤𝑁=1
0𝑤𝑁

0=1

𝟐𝑵 (
𝐍

𝟐
)log𝟐𝑵

= 
I2
I2

D2

−D2

I1
I1

D1
−D1

F1
0

0
F1

P2

0

0

I1
I1

D1
−D1

F1
0

0
F1

P2

P4
T



❖

•

•



❖

•

•

•



❖

•

•

•



❖

•

•

•



❖

•



❖

•

•

•

•

•

•

•

•

•





❖


