
          

𝑀𝑥𝑦(𝒓, 𝑡) = 𝑀𝑥𝑦(𝒓, 0)𝑒
−𝑖 ∫ Δ𝜔(𝒓,𝑡′)𝑑𝑡′

𝑡
0 𝑒

−
𝑡
𝑇2

Δ𝜔(𝒓, 𝑡)

𝑩𝑒𝑓𝑓 = (
0
0

𝑮(𝑡) ⋅ 𝒓
) ≡ (

0
0

Δ𝜔(𝒓)

𝛾

)

Δ𝜔(𝒓, t) = 𝛾𝑮(𝑡) ⋅ 𝒓

𝑀𝑥𝑦(𝒓, 𝑡) = 𝑀𝑥𝑦(𝒓, 0)𝑒
−𝑖𝛾(∫ 𝑮(𝑡′)𝑑𝑡′

𝑡
0 )⋅𝒓𝑒

−
𝑡
𝑇2

 

𝒌(𝑡) ≡ 𝛾∫ 𝑮(𝑡′)𝑑𝑡′
𝑡

0

𝑀𝑥𝑦(𝒓, 𝑡) = 𝑀𝑥𝑦(𝒓, 0)𝑒
−2𝜋𝑖𝒌(𝑡)⋅𝒓𝑒

−
𝑡
𝑇2

𝑀𝑥𝑦(𝒓, 0) = 𝑀0(𝒓)

𝑡 ≪ 𝑇2~50 − 100 ms

𝑠(𝑡) ∝ ∫ 𝑀0(𝒓)𝑒
−2𝜋𝑖𝒌(𝑡)⋅𝒓𝑑𝒓

𝑏𝑜𝑑𝑦

𝑠(𝒌(𝑡)) ≡ �̂�(𝒌) ∝ ∫ 𝑀0(𝒓)𝑒
−2𝜋𝑖𝒌(𝑡)⋅𝒓𝑑𝒓

𝑏𝑜𝑑𝑦

�̂�(𝒌)

�̂�(𝒌)

�̂�(𝒌) 𝑀0(𝒓)

𝑀0(𝒓) �̂�(𝒌)



𝑔(𝒓)

�̂�(𝒌)

�̂�(𝒌) ≡ ∫ 𝑔(𝒓)𝑒−2𝜋𝑖𝒌⋅𝒓𝑑𝒓
∞

−∞

�̂�(𝒌)

𝑔(𝒓)

𝑔(𝒓) = (
1

2𝜋
)
3

∫ 𝑔(𝒌)𝑒2𝜋𝑖𝒌⋅𝒓𝑑𝒓
∞

−∞

{
 
 

 
 �̂�(𝑘) = ∫ 𝑠(𝑥)𝑒−2𝜋𝑖𝑘𝑥𝑑𝑥

∞

−∞

        (CFT)

𝑠(𝑥) =
1

2𝜋
∫ �̂�(𝑘)𝑒+2𝜋𝑖𝑘𝑥𝑑𝑥
∞

−∞

    (ICFT)

𝑠(𝑥) = 𝑀0(𝑥)

�̂�(𝑘) 𝑀0(𝑥)

�̂�(𝒌) 𝑀0(𝒓)





𝑓(𝑡) = cos(2𝜋𝜈1𝑡) + 2 ⋅ cos(2𝜋𝜈2𝑡) + 3
⋅ cos(2𝜋𝜈3𝑡) 

𝜈1 = 10 𝜈2 = 17 𝜈3 = 37

𝑓(𝜈) = ∫ 𝑓(𝑡)𝑒−2𝜋𝑖𝜈𝑡𝑑𝑡
∞

−∞







𝑀0(𝒓) �̂�(𝒌)



�̅�

𝑒−2𝜋𝑖�̅�𝑡

�̅�

Re(𝑒−2𝜋𝑖�̅�𝑡𝑒−2𝜋𝑖𝜈𝑡)
𝜈 ≠ �̅�

𝑓(𝜈) �̅�

Re(𝑒−2𝜋𝑖�̅�𝑡𝑒−2𝜋𝑖𝜈𝑡)
𝜈 = �̅�

𝑓(𝜈)

𝜈

    

 



   
   





  

  

 

 

 












�̂�(𝒌) 𝑀0(𝒓)

𝑀0(𝒓) �̂�(𝒌)

�̂�(𝒌)





�̂�(𝒌)

 

 



�̂�(𝒌)



 

 

 

 

 

𝑀0(𝒓)

 

 

𝑠(𝑥) = 𝑀0(𝑥)

�̂�(𝑘) = ∫ 𝑀0(𝑥)𝑒
−2𝜋𝑖𝑘𝑥𝑑𝑥

∞

−∞

�̂�(𝑘)



𝑘𝑛 = −
𝑘𝑚𝑎𝑥
2

+ 𝑛 ⋅ Δ𝑘 

𝑛 = 0,1, … , 𝑁 − 1

Δ𝑘

Δ𝑡

Δ𝑘 = 𝛾𝐺Δ𝑡 
𝑁Δ𝑘 = 𝑘𝑚𝑎𝑥





�̂�𝑛 ≡

�̂�(𝑘𝑛) 𝑀0(𝑥)

𝑀0(𝑥)

𝑀0(𝑥) = {1 |𝑥| ≤
𝐿

2
0 elsewhere

�̂�(𝑘) = ∫ 𝑀0(𝑥)𝑒
−2𝜋𝑖𝑘𝑥𝑑𝑥

∞

−∞

 

= ∫ 𝑒−2𝜋𝑖𝑘𝑥𝑑𝑥

𝐿
2

−
𝐿
2

 

=
𝑒−2𝜋𝑖𝑘𝑥

−2𝜋𝑖𝑘
]
−
𝐿
2

𝐿
2

 

=
1

𝜋𝑘

(𝑒
2𝜋𝑖𝑘𝐿
2 − 𝑒−

2𝜋𝑖𝑘𝐿
2 )

2𝑖
 

= 𝐿
sin(𝜋𝑘𝐿)

𝜋𝑘𝐿
= 𝐿 ⋅ sinc(𝜋𝑘𝐿)

   


 


�̂�(𝑘)

�̂�(𝑘)

�̂�𝑚 ≡

�̂�(𝑘𝑚)

𝑠𝑛 =
1

𝑁
∑ �̂�𝑚𝑒

2𝜋𝑖𝑛𝑚

𝑁𝑁−1
𝑚=0 (𝑛 = 0,1, … , 𝑁 − 1)

𝑠0, … , 𝑠𝑁−1 𝑀0(𝑥)

Δ𝑘

�̂�(𝑘)

�̂�(𝑘)

𝑠0, 𝑠1, … , 𝑠𝑁−1

�̂�0, �̂�1, … , �̂�𝑁−1

�̂�𝑚 =
1

𝑁
∑ �̂�𝑛𝑒

−
2𝜋𝑖𝑛𝑚

𝑁𝑁−1
𝑛=0

�̂�0, �̂�1, … , �̂�𝑁−1 𝑠0, 𝑠1, … , 𝑠𝑁−1

𝑠𝑛 =
1

𝑁
∑ �̂�𝑚𝑒

2𝜋𝑖𝑛𝑚

𝑁𝑁−1
𝑚=0



�̂�(𝑘) = ∫ 𝑀0(𝑥)𝑒
−2𝜋𝑖𝑘𝑥𝑑𝑥

∞

−∞

𝑘𝑚 =

−
𝑘𝑚𝑎𝑥

2
+𝑚 ⋅ Δ𝑘

 
�̂�𝑚 ≡ �̂�(𝑘𝑚) 

= ∫ 𝑀0(𝑥)𝑒
−2𝜋𝑖𝑘𝑚𝑥𝑑𝑥

∞

−∞

 

= 𝑒𝑖𝜋𝑘𝑚𝑎𝑥𝑥∫ 𝑀0(𝑥)𝑒
−2𝜋𝑖𝑚Δ𝑘𝑥𝑑𝑥

∞

−∞

   

𝑚 = 0,1, … , 𝑁 − 1

𝑠𝑛 =
1

𝑁
∑ �̂�𝑚𝑒

2𝜋𝑖𝑚𝑛
𝑁

𝑁−1

𝑚=0

 

= ∫ 𝑀0(𝑥)
𝑒𝑖𝜋𝑘𝑚𝑎𝑥𝑥

𝑁
(∑ 𝑒−2𝜋𝑖𝑚Δ𝑘𝑥𝑒

2𝜋𝑖𝑚𝑛
𝑁

𝑁−1

𝑚=0

)𝑑𝑥
∞

−∞

𝑠𝑛 = ∫ 𝑀0(𝑥)
𝑒𝑖𝜋𝑘𝑚𝑎𝑥𝑥

𝑁
(∑ 𝑒

−2𝜋𝑖𝑚Δ𝑘(𝑥−
𝑛

𝑁Δ𝑘
)

𝑁−1

𝑚=0

)𝑑𝑥
∞

−∞

𝑒𝑖𝜋𝑘𝑚𝑎𝑥𝑥 = 𝑒𝑖𝜋𝑘𝑚𝑎𝑥(𝑥−
𝑛

𝑁Δ𝑘
)𝑒
𝑖𝜋𝑘𝑚𝑎𝑥𝑛
𝑁Δ𝑘  

= 𝑒𝑖𝜋𝑛𝑒𝑖𝜋𝑘𝑚𝑎𝑥(𝑥−
𝑛

𝑁Δ𝑘
) 

= (−1)𝑛𝑒𝑖𝜋𝑘𝑚𝑎𝑥(𝑥−
𝑛

𝑁Δ𝑘
)

𝑒𝑖𝜋𝑛 = cos(𝜋𝑛) + 𝚤 sin(𝜋𝑛) = (−1)𝑛

𝑠𝑛

𝑠𝑛 = (−1)
𝑛∫ 𝑀0(𝑥)𝑃𝑆𝐹 (𝑥 −

𝑛

𝑘𝑚𝑎𝑥
) 𝑑𝑥

∞

−∞

𝑃𝑆𝐹(𝑥) = 𝑒𝑖𝜋𝑘𝑚𝑎𝑥𝑥 ∑ 𝑒−2𝜋𝑖𝑚Δ𝑘𝑥
𝑁−1

𝑚=0

𝑒𝑥𝑦 = (𝑒𝑥)𝑦

𝑒−2𝜋𝑖𝑚Δ𝑘𝑥 = (𝑒−2𝜋𝑖Δ𝑘𝑥)𝑚 ≡ 𝑎𝑚

𝑎 ≡ 𝑒−2𝜋𝑖Δ𝑘𝑥

∑ 𝑎𝑚
𝑁−1

𝑚=0

=
(1 − 𝑎𝑁)

1 − 𝑎

𝑃𝑆𝐹(𝑥) = 𝑒𝑖𝜋Δ𝑘𝑥
sin(𝜋𝑘𝑚𝑎𝑥𝑥)

sin(𝜋Δ𝑘𝑥)
 

𝑘𝑚𝑎𝑥 = 𝑁 ⋅ Δ𝑘













𝐹𝑂𝑉 =
1

Δ𝑘
 

Δ𝑥 =
1

𝑘𝑚𝑎𝑥
=

1

𝑁 ⋅ Δ𝑘
=
𝐹𝑂𝑉

𝑁

  

 

�̂�0, �̂�1, … , �̂�15

𝑠0, 𝑠1, … , 𝑠15

𝑃𝑆𝐹(𝑥 − 𝑛 ⋅ Δ𝑥) Δ𝑥 = 1/𝑘𝑚𝑎𝑥



 
 

  



𝑃𝑆𝐹(𝑥 + 𝐹𝑂𝑉) = 𝑃𝑆𝐹 (𝑥 +
1

Δ𝑘
) = 𝑃𝑆𝐹(𝑥)
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Δ𝑘 = 𝛾𝐺Δ𝑡

Δ𝑡











𝛿(𝑥 − 𝑥0)

𝛿(𝑥 − 𝑥0) → ∫ 𝛿(𝑥′ − 𝑥0)𝑃𝑆𝐹(𝑥 − 𝑥
′)𝑑𝑥′

= 𝑃𝑆𝐹(𝑥 − 𝑥0)

𝑓(𝑥) = 𝐼𝐶𝐹𝑇[𝑠(𝑘)]
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𝐼𝐶𝐹𝑇[𝑠(𝑘) ⋅ 𝑊(𝑘)] 
        = 𝐼𝐶𝐹𝑇[𝑠(𝑘)]⨂𝐼𝐶𝐹𝑇[𝑊(𝑘)] 

𝑓(𝑥) = 𝐼𝐶𝐹𝑇[𝑠(𝑘)]

𝐼𝐶𝐹𝑇[𝑠(𝑘) ⋅ 𝑊(𝑘)] 

        = (image)⨂ (sinc of width
1

kmax
) 










