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Problem 5.46) a) Setting 𝜌𝜌free = 0, 𝑱𝑱free = 0, 𝑫𝑫 = 𝜀𝜀0𝜀𝜀𝑬𝑬, and 𝑩𝑩 = 𝜇𝜇0𝜇𝜇𝑯𝑯, Maxwell’s equations 
can be simplified as follows: 

 𝜵𝜵 ∙ 𝑫𝑫(𝒓𝒓, 𝑡𝑡) = 𝜀𝜀0𝜀𝜀𝜵𝜵 ∙ 𝑬𝑬(𝒓𝒓, 𝑡𝑡) = 0                            →     𝜵𝜵 ∙ 𝑬𝑬(𝒓𝒓) = 0. 

 𝜵𝜵 × 𝑯𝑯(𝒓𝒓, 𝑡𝑡) = 𝜕𝜕𝑫𝑫(𝒓𝒓, 𝑡𝑡) 𝜕𝜕𝑡𝑡⁄ = −i𝜔𝜔𝜀𝜀0𝜀𝜀𝑬𝑬(𝒓𝒓, 𝑡𝑡)     →     𝜵𝜵 × 𝑯𝑯(𝒓𝒓) = −i𝜔𝜔𝜀𝜀0𝜀𝜀𝑬𝑬(𝒓𝒓). 

 𝜵𝜵 × 𝑬𝑬(𝒓𝒓, 𝑡𝑡) = −𝜕𝜕𝑩𝑩(𝒓𝒓, 𝑡𝑡) 𝜕𝜕𝑡𝑡⁄ = i𝜔𝜔𝜇𝜇0𝜇𝜇𝑯𝑯(𝒓𝒓, 𝑡𝑡)    →     𝜵𝜵 × 𝑬𝑬(𝒓𝒓) = i𝜔𝜔𝜇𝜇0𝜇𝜇𝑯𝑯(𝒓𝒓). 

 𝜵𝜵 ∙ 𝑩𝑩(𝒓𝒓, 𝑡𝑡) = 𝜇𝜇0𝜇𝜇𝜵𝜵 ∙ 𝑯𝑯(𝒓𝒓, 𝑡𝑡) = 0                           →     𝜵𝜵 ∙ 𝑯𝑯(𝒓𝒓) = 0. 

b) Taking the curl of the 3rd equation, then substituting for 𝜵𝜵 × 𝑯𝑯 from the 2nd equation, yields 

 𝜵𝜵 × 𝜵𝜵 × 𝑬𝑬(𝒓𝒓) = i𝜔𝜔𝜇𝜇0𝜇𝜇𝜵𝜵 × 𝑯𝑯(𝒓𝒓) = 𝜇𝜇0𝜀𝜀0𝜇𝜇𝜀𝜀𝜔𝜔2𝑬𝑬(𝒓𝒓) = (√𝜇𝜇𝜀𝜀𝜔𝜔 𝑐𝑐⁄ )2𝑬𝑬(𝒓𝒓). 

From the 1st equation, we know that 𝜵𝜵 ∙ 𝑬𝑬 = 0. Therefore, 

 𝜵𝜵[𝜵𝜵 ∙ 𝑬𝑬(𝒓𝒓)]− 𝜵𝜵2𝑬𝑬(𝒓𝒓) = (√𝜇𝜇𝜀𝜀𝜔𝜔 𝑐𝑐⁄ )2𝑬𝑬(𝒓𝒓)     →    𝜵𝜵2𝑬𝑬(𝒓𝒓) + (√𝜇𝜇𝜀𝜀𝜔𝜔 𝑐𝑐⁄ )2𝑬𝑬(𝒓𝒓) = 0. 

c) Taking the curl of the 2nd equation, then substituting for 𝜵𝜵 × 𝑬𝑬 from the 3rd equation, yields 

 𝜵𝜵 × 𝜵𝜵 × 𝑯𝑯(𝒓𝒓) = −i𝜔𝜔𝜀𝜀0𝜀𝜀𝜵𝜵 × 𝑬𝑬(𝒓𝒓) = 𝜇𝜇0𝜀𝜀0𝜇𝜇𝜀𝜀𝜔𝜔2𝑯𝑯(𝒓𝒓) = (√𝜇𝜇𝜀𝜀𝜔𝜔 𝑐𝑐⁄ )2𝑯𝑯(𝒓𝒓). 

From the 4th equation, we know that 𝜵𝜵 ∙ 𝑯𝑯 = 0. Therefore, 

 𝜵𝜵[𝜵𝜵 ∙ 𝑯𝑯(𝒓𝒓)]− 𝜵𝜵2𝑯𝑯(𝒓𝒓) = (√𝜇𝜇𝜀𝜀𝜔𝜔 𝑐𝑐⁄ )2𝑯𝑯(𝒓𝒓)     →    𝜵𝜵2𝑯𝑯(𝒓𝒓) + (√𝜇𝜇𝜀𝜀𝜔𝜔 𝑐𝑐⁄ )2𝑯𝑯(𝒓𝒓) = 0. 
 


