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Problem 3.28) The Fourier transform of the charge distribution of the ring is straightforwardly 
evaluated, as follows: 

 𝜌𝜌free(𝒌𝒌,𝜔𝜔) = ∫ 𝜌𝜌free(𝑟𝑟∥,𝜙𝜙, 𝑧𝑧, 𝑡𝑡) exp[−𝑖𝑖(𝒌𝒌 ∙ 𝒓𝒓 − 𝜔𝜔𝑡𝑡)]𝑑𝑑𝒓𝒓𝑑𝑑𝑡𝑡∞
−∞  

 = ∫ 𝜎𝜎0 �Circ �𝑟𝑟∥
𝑅𝑅2
� − Circ �𝑟𝑟∥

𝑅𝑅1
�� 𝛿𝛿(𝑧𝑧) exp(−𝑖𝑖𝒌𝒌∥ ∙ 𝒓𝒓∥) exp(−𝑖𝑖𝑘𝑘𝑧𝑧𝑧𝑧) exp(𝑖𝑖𝜔𝜔𝑡𝑡)𝑑𝑑𝒓𝒓𝑑𝑑𝑡𝑡∞

−∞  

 = 2𝜋𝜋𝜎𝜎0𝛿𝛿(𝜔𝜔)∫ ∫ exp(−𝑖𝑖𝑘𝑘∥𝑟𝑟∥cos𝜑𝜑) 𝑟𝑟∥𝑑𝑑𝑟𝑟∥𝑑𝑑𝜑𝜑
2𝜋𝜋
0

𝑅𝑅2
𝑅𝑅1

 

 = (2𝜋𝜋)2𝜎𝜎0 𝛿𝛿(𝜔𝜔)∫ 𝑟𝑟∥ 𝐽𝐽0(𝑘𝑘∥𝑟𝑟∥)𝑑𝑑𝑟𝑟∥
𝑅𝑅2
𝑅𝑅1

 

 = (2𝜋𝜋)2𝜎𝜎0 𝛿𝛿(𝜔𝜔)𝑘𝑘∥−2 ∫ 𝑥𝑥 𝐽𝐽0(𝑥𝑥)𝑑𝑑𝑥𝑥𝑘𝑘∥𝑅𝑅2
𝑘𝑘∥𝑅𝑅1

 

 = (2𝜋𝜋)2𝜎𝜎0 𝛿𝛿(𝜔𝜔)𝑘𝑘∥−1[𝑅𝑅2 𝐽𝐽1(𝑘𝑘∥𝑅𝑅2) − 𝑅𝑅1 𝐽𝐽1(𝑘𝑘∥𝑅𝑅1)]. 
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