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Problem 47) 

a) Denoting the wave-number by 𝑘𝑘0 = 𝜔𝜔 𝑐𝑐⁄ , and the normalized 𝑘𝑘-vector by 𝝈𝝈 = 𝒌𝒌 𝑘𝑘0⁄ , we write 

 𝑬𝑬(𝒓𝒓, 𝑡𝑡) = 𝐸𝐸0𝒙𝒙� exp{i𝑘𝑘0[𝑛𝑛(𝜔𝜔)𝑧𝑧 − 𝑐𝑐𝑐𝑐]}. 

 𝑍𝑍0𝑯𝑯0 = 𝝈𝝈 × 𝑬𝑬0    →     𝑍𝑍0𝑯𝑯0 = 𝑛𝑛(𝜔𝜔)𝐸𝐸0(𝒛𝒛� × 𝒙𝒙�)    →      𝑯𝑯0 = 𝑛𝑛(𝜔𝜔)𝐸𝐸0𝒚𝒚� 𝑍𝑍0⁄  

 →     𝑯𝑯(𝒓𝒓, 𝑡𝑡) = �𝑛𝑛(𝜔𝜔)𝐸𝐸0
𝑍𝑍0

� 𝒚𝒚� exp{i𝑘𝑘0[𝑛𝑛(𝜔𝜔)𝑧𝑧 − 𝑐𝑐𝑐𝑐]}. 

b) 𝑛𝑛(𝜔𝜔) = �𝜀𝜀(𝜔𝜔)           →      𝜀𝜀(𝜔𝜔) = 𝑛𝑛2(𝜔𝜔). 

 𝜀𝜀(𝜔𝜔) = 1 + 𝜒𝜒(𝜔𝜔)       →       𝜒𝜒(𝜔𝜔) = 𝑛𝑛2(𝜔𝜔) − 1. 

c) 𝑷𝑷(𝒓𝒓, 𝑡𝑡) = 𝜀𝜀0𝜒𝜒(𝜔𝜔)𝐸𝐸0𝒙𝒙� exp{i𝑘𝑘0[𝑛𝑛(𝜔𝜔)𝑧𝑧 − 𝑐𝑐𝑐𝑐]} 

 = 𝜀𝜀0[𝑛𝑛2(𝜔𝜔) − 1]𝐸𝐸0𝒙𝒙� exp{i𝑘𝑘0[𝑛𝑛(𝜔𝜔)𝑧𝑧 − 𝑐𝑐𝑐𝑐]}. 

 𝜌𝜌bound(𝒓𝒓, 𝑡𝑡) = −𝜵𝜵 ∙ 𝑷𝑷(𝒓𝒓, 𝑡𝑡) = −�𝜕𝜕𝑃𝑃𝑥𝑥
𝜕𝜕𝜕𝜕

+ 𝜕𝜕𝑃𝑃𝑦𝑦
𝜕𝜕𝜕𝜕

+ 𝜕𝜕𝑃𝑃𝑧𝑧
𝜕𝜕𝜕𝜕
� = 0. 

 𝑱𝑱bound(𝒓𝒓, 𝑡𝑡) = 𝜕𝜕𝑷𝑷(𝒓𝒓,𝑡𝑡)
𝜕𝜕𝜕𝜕

= −i𝜔𝜔𝜀𝜀0[𝑛𝑛2(𝜔𝜔) − 1]𝐸𝐸0𝒙𝒙� exp{i𝑘𝑘0[𝑛𝑛(𝜔𝜔)𝑧𝑧 − 𝑐𝑐𝑐𝑐]}. 

The actual 𝑬𝑬,𝑯𝑯, 𝑷𝑷, 𝑱𝑱bound are, of course, given by the real parts of the above expressions. 

 

 
 


