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Solution to Problem 2) a) 𝑬𝑬(𝒓𝒓, 𝑡𝑡) = 𝑬𝑬0 exp[i(𝒌𝒌 ∙ 𝒓𝒓 − 𝜔𝜔𝑡𝑡)] ,   𝑯𝑯(𝒓𝒓, 𝑡𝑡) = 𝑯𝑯0 exp[i(𝒌𝒌 ∙ 𝒓𝒓 − 𝜔𝜔𝑡𝑡)]. 

b) i)   𝜵𝜵 ∙ 𝑫𝑫(𝒓𝒓, 𝑡𝑡) = 𝜌𝜌free(𝒓𝒓, 𝑡𝑡)     →      i𝒌𝒌 ∙ 𝜀𝜀0𝜀𝜀(𝜔𝜔)𝑬𝑬0 exp[i(𝒌𝒌 ∙ 𝒓𝒓 − 𝜔𝜔𝑡𝑡)] = 0   →     𝒌𝒌 ∙ 𝑬𝑬0 = 0. 

 ii)   𝜵𝜵 × 𝑯𝑯(𝒓𝒓, 𝑡𝑡) = 𝑱𝑱free(𝒓𝒓, 𝑡𝑡) + 𝜕𝜕𝑫𝑫(𝒓𝒓,𝑡𝑡)
𝜕𝜕𝑡𝑡

 

 →  i𝒌𝒌 × 𝑯𝑯0𝑒𝑒i(𝒌𝒌 ∙ 𝒓𝒓 – 𝜔𝜔𝑡𝑡) = −i𝜔𝜔𝜀𝜀0𝜀𝜀(𝜔𝜔)𝑬𝑬0𝑒𝑒i(𝒌𝒌 ∙ 𝒓𝒓 – 𝜔𝜔𝑡𝑡)      →        𝒌𝒌 × 𝑯𝑯0 = −𝜀𝜀0𝜀𝜀(𝜔𝜔)𝜔𝜔𝑬𝑬0. 

 iii)   𝜵𝜵 × 𝑬𝑬(𝒓𝒓, 𝑡𝑡) = −𝜕𝜕𝑩𝑩(𝒓𝒓,𝑡𝑡)
𝜕𝜕𝑡𝑡

 

 →  i𝒌𝒌 × 𝑬𝑬0𝑒𝑒i(𝒌𝒌 ∙ 𝒓𝒓 – 𝜔𝜔𝑡𝑡) = i𝜔𝜔𝜇𝜇0𝜇𝜇(𝜔𝜔)𝑯𝑯0𝑒𝑒i(𝒌𝒌 ∙ 𝒓𝒓 – 𝜔𝜔𝑡𝑡)        →        𝒌𝒌 × 𝑬𝑬0 = 𝜇𝜇0𝜇𝜇(𝜔𝜔)𝜔𝜔𝑯𝑯0. 

 iv)   𝜵𝜵 ∙ 𝑩𝑩(𝒓𝒓, 𝑡𝑡) = 0    →      i𝒌𝒌 ∙ 𝜇𝜇0𝜇𝜇(𝜔𝜔)𝑯𝑯0 exp[i(𝒌𝒌 ∙ 𝒓𝒓 − 𝜔𝜔𝑡𝑡)] = 0     →       𝒌𝒌 ∙ 𝑯𝑯0 = 0. 

c) 𝒌𝒌 ∙ 𝑬𝑬0 = 0   →     𝑘𝑘𝑥𝑥𝐸𝐸0𝑥𝑥 + 𝑘𝑘𝑦𝑦𝐸𝐸0𝑦𝑦 + 𝑘𝑘𝑧𝑧𝐸𝐸0𝑧𝑧 = 0    →    𝐸𝐸0𝑧𝑧 = −(𝑘𝑘𝑥𝑥𝐸𝐸0𝑥𝑥 + 𝑘𝑘𝑦𝑦𝐸𝐸0𝑦𝑦) 𝑘𝑘𝑧𝑧⁄ . 

d) Multiply both sides of Eq.(ii) into 𝜇𝜇0𝜇𝜇(𝜔𝜔)𝜔𝜔, then substitute 𝒌𝒌 × 𝑬𝑬0 for 𝜇𝜇0𝜇𝜇(𝜔𝜔)𝜔𝜔𝑯𝑯0 from 
Eq.(iii) to arrive at 

 𝒌𝒌 × (𝒌𝒌 × 𝑬𝑬0) = −𝜇𝜇0𝜀𝜀0𝜔𝜔2𝜇𝜇(𝜔𝜔)𝜀𝜀(𝜔𝜔)𝑬𝑬0   →   (𝒌𝒌 ∙ 𝑬𝑬0)𝒌𝒌 − (𝒌𝒌 ∙ 𝒌𝒌)𝑬𝑬0 = −(𝜔𝜔 𝑐𝑐⁄ )2𝜇𝜇(𝜔𝜔)𝜀𝜀(𝜔𝜔)𝑬𝑬0 

 →   𝒌𝒌 ∙ 𝒌𝒌 = (𝜔𝜔 𝑐𝑐⁄ )2𝜇𝜇(𝜔𝜔)𝜀𝜀(𝜔𝜔). 

Traditionally, the refractive index is defined as 𝑛𝑛(𝜔𝜔) = �𝜇𝜇(𝜔𝜔)𝜀𝜀(𝜔𝜔). Consequently, the above 
dispersion relation may equivalently be written as 𝑘𝑘2 = [𝑛𝑛(𝜔𝜔)𝜔𝜔 𝑐𝑐⁄ ]2. 
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