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22023/6/17











32023/6/17

 𝜓(𝑥)

𝜓(𝑥 − 𝑢)

𝑤𝜓(𝑤𝑥)，𝑤 > 0



42023/6/17



52023/6/17

𝑊𝑓(𝑤, 𝑥)

 𝑤



62023/6/17

𝑊𝑓(𝑤, 𝑥)





72023/6/17

 𝜓(𝑤, 𝑥)
1

𝑤
Δ𝑥

 ෠𝜓(𝑤, 𝑘) 𝑤Δ𝑘



82023/6/17

 𝑘 > 0 ෠𝜓(𝑘)

 𝑘 > 0 ෠𝜓(𝑘)

 𝜓(𝑥)







92023/6/17



 𝑤 𝑘pseu
cos(𝑘pseu 𝑥)

 𝑊cos 𝑤, 𝑥
2 𝑤



102023/6/17

1

𝑐𝑤
=

𝑘pseu

𝑤

 𝑐𝑤 ≈ 0.8944

 𝑐𝑤 ≈ 0.4282

 𝑤 = 𝑐𝑤
 Δ𝑘 ≈ 0.6151 Δ𝑥 ≈ 3.4158

 Δ𝑘 ≈ 0.4586 Δ𝑥 ≈ 4.4372



112023/6/17

෠𝜓∗(𝑤, 𝑘)

𝑤



122023/6/17

 𝑘 = 0 0׬
+∞ |෡𝜓

𝑘

𝑤
|2

𝑤
d𝑤 = 0

 𝑘 > 0 𝑘′ = 𝑘/𝑤 0׬
+∞ |෡𝜓

𝑘

𝑤
|2

𝑤
d𝑤 = 0׬

+∞ |෡𝜓 𝑘′ |2

𝑘′
d𝑘′

 𝑘 < 0 𝑘′ = −𝑘/𝑤 0׬
+∞ |෡𝜓

𝑘

𝑤
|2

𝑤
d𝑤 = 0׬

+∞ |෡𝜓 −𝑘′ |2

𝑘′
d𝑘′ = 0

𝜓(𝑥) ෠𝜓 𝑘 < 0 = 0

𝐶𝜓 = 0׬
+∞ |෡𝜓 𝑘 |2

𝑘
d𝑘 0 < 𝐶𝜓 < ∞



132023/6/17

𝐶𝜓 = 0׬
+∞ |෡𝜓 𝑘 |2

𝑘
d𝑘 0 < 𝐶𝜓 < ∞



142023/6/17

 𝑘 = 0 0׬
+∞ |෡𝜓

𝑘

𝑤
|2

𝑤
d𝑤 = 0

 𝑘 > 0 𝑘′ = 𝑘/𝑤 0׬
+∞ |෡𝜓

𝑘

𝑤
|2

𝑤
d𝑤 = 0׬

+∞ |෡𝜓 𝑘′ |2

𝑘′
d𝑘′

 𝑘 < 0 𝑘′ = −𝑘/𝑤 0׬
+∞ |෡𝜓

𝑘

𝑤
|2

𝑤
d𝑤 = 0׬

+∞ |෡𝜓 −𝑘′ |2

𝑘′
d𝑘′ = 0׬

+∞ |෡𝜓 𝑘′ |2

𝑘′
d𝑘′

𝜓(𝑥) ෠𝜓 −𝑘 = ෠𝜓∗(𝑘)

𝐶𝜓 = 0׬
+∞ |෡𝜓 𝑘 |2

𝑘
d𝑘 0 < 𝐶𝜓 < ∞



152023/6/17

𝐶𝜓 = 0׬
+∞ |෡𝜓 𝑘 |2

𝑘
d𝑘 0 < 𝐶𝜓 < ∞



162023/6/17

෠𝜓 𝑘 < 0 = 0



172023/6/17

𝑤 𝑤

 𝑘 = 0 0׬
+∞ ෡𝜓

𝑘

𝑤

𝑤
d𝑤 = 0

 𝑘 > 0 𝑘′ = 𝑘/𝑤 0׬
+∞ ෡𝜓

𝑘

𝑤

𝑤
d𝑤 = 0׬

+∞ ෡𝜓 𝑘′

𝑘′
d𝑘′

 𝑘 < 0 𝑘′ = −𝑘/𝑤 0׬
+∞ ෡𝜓

𝑘

𝑤

𝑤
d𝑤 = 0׬

+∞ ෡𝜓 −𝑘′

𝑘′
d𝑘′ = 0

𝜓(𝑥) ෠𝜓 𝑘 < 0 = 0

𝐾𝜓 = 0׬
+∞ ෡𝜓 𝑘

𝑘
d𝑘 0 < |𝐾𝜓| < ∞



182023/6/17

𝐾𝜓 = 0׬
+∞ ෡𝜓 𝑘

𝑘
d𝑘 0 < |𝐾𝜓| < ∞



192023/6/17

𝑤 𝑤

 𝑘 = 0 0׬
+∞ ෡𝜓

𝑘

𝑤

𝑤
d𝑤 = 0

 𝑘 > 0 𝑘′ = 𝑘/𝑤 0׬
+∞ ෡𝜓

𝑘

𝑤

𝑤
d𝑤 = 0׬

+∞ ෡𝜓 𝑘′

𝑘′
d𝑘′

 𝑘 < 0 𝑘′ = −𝑘/𝑤 0׬
+∞ ෡𝜓

𝑘

𝑤

𝑤
d𝑤 = 0׬

+∞ ෡𝜓 −𝑘′

𝑘′
d𝑘′ = 0׬

+∞ ෡𝜓 𝑘′

𝑘′
d𝑘′

𝜓(𝑥) ෠𝜓 𝑘 = ෠𝜓 −𝑘

𝐾𝜓 = 0׬
+∞ ෡𝜓 𝑘

𝑘
d𝑘 0 < |𝐾𝜓 | < ∞



202023/6/17

𝐾𝜓 = 0׬
+∞ ෡𝜓 𝑘

𝑘
d𝑘 0 < |𝐾𝜓 | < ∞



212023/6/17

෠𝜓 𝑘 < 0 = 0



222023/6/17



232023/6/17



242023/6/17



252023/6/17



262023/6/17



272023/6/17



282023/6/17



292023/6/17



302023/6/17

：“A rotation in the spatial domain corresponds to an identical rotation in the 
frequency domain.” (https://see.stanford.edu/materials/lsoftaee261/book-fall-07.pdf)



312023/6/17



322023/6/17



332023/6/17



342023/6/17



352023/6/17

 V𝑏 = 𝐿3 𝑁𝑝 𝑖

𝑚𝑖 Ԧ𝑥







 𝑤 𝑤



362023/6/17



𝑢′ = 𝑢 − Ԧ𝑝𝑚𝑛𝑞 Ԧ𝑝𝑚𝑛𝑞 = 𝐿(𝑚, 𝑛, 𝑞)

𝑢′ 𝑢



372023/6/17



𝑘





382023/6/17

 መ𝛿(𝑘) 𝛿( Ԧ𝑥)

 ෡Ψ(𝑤, 𝑘)

 መ𝛿(𝑘)෡Ψ(𝑤, 𝑘) 𝑊𝛿(𝑤, Ԧ𝑥)



392023/6/17



 𝑤









402023/6/17





ä







https://rafat.github.io/sites/wavebook/advanced/dirwt.html

