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Problem 2-30) 

a) Ignoring the dynamic effects, the equation 𝜵𝜵 × 𝑯𝑯 = 𝑱𝑱free + 𝜕𝜕𝑡𝑡𝑫𝑫 simplifies to 𝜵𝜵 × 𝑯𝑯 = 𝑱𝑱free. 

 ∮ 𝑯𝑯 ∙ d𝓵𝓵
loop

= 𝐼𝐼(𝑡𝑡)   →    2𝜋𝜋𝜋𝜋𝐻𝐻𝜑𝜑(𝜌𝜌, 𝑡𝑡) = 𝐼𝐼0 sin(2𝜋𝜋𝜋𝜋𝜋𝜋)   →   𝐻𝐻𝜑𝜑(𝜌𝜌, 𝑡𝑡) = (𝐼𝐼0 2𝜋𝜋𝜋𝜋⁄ ) sin(2𝜋𝜋𝜋𝜋𝜋𝜋). 

b) 𝜵𝜵 × 𝑬𝑬 = −𝜕𝜕𝑡𝑡𝑩𝑩             →          𝜵𝜵 × [𝐸𝐸𝑧𝑧(𝜌𝜌, 𝑡𝑡)𝒛𝒛�] = −𝜇𝜇0𝜕𝜕𝑡𝑡[𝐻𝐻𝜑𝜑(𝜌𝜌, 𝑡𝑡)𝝋𝝋�]. 

 →        −[𝜕𝜕𝐸𝐸𝑧𝑧(𝜌𝜌, 𝑡𝑡) 𝜕𝜕𝜕𝜕⁄ ]𝝋𝝋� = −�𝜇𝜇0𝐼𝐼0
2𝜋𝜋𝜋𝜋

� (2𝜋𝜋𝜋𝜋) cos(2𝜋𝜋𝜋𝜋𝜋𝜋)𝝋𝝋�  

 →        𝐸𝐸𝑧𝑧(𝜌𝜌, 𝑡𝑡) = �𝜇𝜇0𝐼𝐼0
2𝜋𝜋
� (2𝜋𝜋𝜋𝜋)(ln 𝜌𝜌) cos(2𝜋𝜋𝜋𝜋𝜋𝜋). 

c) Considering that 𝑱𝑱free = 0 for 𝜌𝜌 > 0, we will have 𝜵𝜵 × 𝑯𝑯 = 𝜕𝜕𝑡𝑡𝑫𝑫. Therefore, 

 𝜵𝜵 × [𝐻𝐻𝜑𝜑(𝜌𝜌, 𝑡𝑡)𝝋𝝋�] = 𝜀𝜀0𝜕𝜕𝑡𝑡[𝐸𝐸𝑧𝑧(𝜌𝜌, 𝑡𝑡)𝒛𝒛�] 

 →    1
𝜌𝜌
𝜕𝜕
𝜕𝜕𝜕𝜕

[𝜌𝜌𝐻𝐻𝜑𝜑(𝜌𝜌, 𝑡𝑡)]𝒛𝒛� = −�𝜇𝜇0𝜀𝜀0𝐼𝐼0
2𝜋𝜋

� (2𝜋𝜋𝜋𝜋)2(ln 𝜌𝜌) sin(2𝜋𝜋𝜋𝜋𝜋𝜋) 𝒛𝒛� 

 →      𝜕𝜕[𝜌𝜌𝐻𝐻𝜑𝜑(𝜌𝜌, 𝑡𝑡)] 𝜕𝜕𝜕𝜕⁄ = − 𝐼𝐼0
2𝜋𝜋

(2𝜋𝜋𝜋𝜋 𝑐𝑐⁄ )2(𝜌𝜌 ln 𝜌𝜌) sin(2𝜋𝜋𝜋𝜋𝜋𝜋) 

 →        𝜌𝜌𝐻𝐻𝜑𝜑(𝜌𝜌, 𝑡𝑡) = − 𝐼𝐼0
4𝜋𝜋

(2𝜋𝜋𝜋𝜋 𝑐𝑐⁄ )2𝜌𝜌2(ln 𝜌𝜌 − ½) sin(2𝜋𝜋𝜋𝜋𝜋𝜋) 

 →          𝐻𝐻𝜑𝜑(𝜌𝜌, 𝑡𝑡) = − 𝐼𝐼0
4𝜋𝜋

(2𝜋𝜋𝜋𝜋 𝑐𝑐⁄ )2𝜌𝜌(ln 𝜌𝜌 − ½) sin(2𝜋𝜋𝜋𝜋𝜋𝜋). 

This term must be added to the expression for 𝐻𝐻𝜑𝜑(𝜌𝜌, 𝑡𝑡) found in part (a) as a 1st-order correction. 

d) 𝜵𝜵 × 𝑬𝑬 = −𝜕𝜕𝑡𝑡𝑩𝑩      →       𝜵𝜵 × [𝐸𝐸𝑧𝑧(𝜌𝜌, 𝑡𝑡)𝒛𝒛�] = 𝜇𝜇0𝐼𝐼0
4𝜋𝜋𝑐𝑐2

(2𝜋𝜋𝜋𝜋)3𝜌𝜌(ln 𝜌𝜌 − ½) cos(2𝜋𝜋𝜋𝜋𝜋𝜋)𝝋𝝋�  

 →     −[𝜕𝜕𝐸𝐸𝑧𝑧(𝜌𝜌, 𝑡𝑡) 𝜕𝜕𝜕𝜕⁄ ]𝝋𝝋� = �𝜇𝜇0 𝜀𝜀0⁄  𝐼𝐼0
4𝜋𝜋

(2𝜋𝜋𝜋𝜋 𝑐𝑐⁄ )3(𝜌𝜌 ln 𝜌𝜌 − ½𝜌𝜌) cos(2𝜋𝜋𝜋𝜋𝜋𝜋)𝝋𝝋�  

 →       𝐸𝐸𝑧𝑧(𝜌𝜌, 𝑡𝑡) = −�𝑍𝑍0𝐼𝐼0
4𝜋𝜋
� (2𝜋𝜋𝜋𝜋 𝑐𝑐⁄ )3(½𝜌𝜌2 ln 𝜌𝜌 − ¼𝜌𝜌2 − ¼𝜌𝜌2) cos(2𝜋𝜋𝜋𝜋𝜋𝜋) 

 →                      𝐸𝐸𝑧𝑧(𝜌𝜌, 𝑡𝑡) = �𝑍𝑍0𝐼𝐼0
8𝜋𝜋
� (2𝜋𝜋𝜋𝜋 𝑐𝑐⁄ )3𝜌𝜌2(1 − ln 𝜌𝜌) cos(2𝜋𝜋𝜋𝜋𝜋𝜋). 

The above term must be added to the expression for 𝐸𝐸𝑧𝑧(𝜌𝜌, 𝑡𝑡) found in part (b) as the next 
correction term. 
 


