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Opti 501 Solutions 1/1 
 
Problem 2.43) 

a) 1)     𝜵𝜵 ∙ 𝑫𝑫 = 𝜌𝜌free, 

 2)     𝜵𝜵 × 𝑯𝑯 = 𝑱𝑱free + 𝜕𝜕𝑫𝑫
𝜕𝜕𝜕𝜕

, 

 3)     𝜵𝜵 × 𝑬𝑬 = −𝜕𝜕𝑩𝑩
𝜕𝜕𝜕𝜕

    →     𝜵𝜵 × (𝜀𝜀o𝑬𝑬 + 𝑷𝑷) = −𝜀𝜀o
𝜕𝜕(𝜇𝜇o𝑯𝑯+𝑴𝑴)

𝜕𝜕𝜕𝜕
+ 𝜵𝜵 × 𝑷𝑷  

 →     𝜵𝜵 × 𝑫𝑫 = −𝜀𝜀o �
𝜕𝜕𝑴𝑴
𝜕𝜕𝜕𝜕
− 𝜀𝜀o−1𝜵𝜵 × 𝑷𝑷� − 𝜀𝜀o𝜇𝜇o

𝜕𝜕𝑯𝑯
𝜕𝜕𝜕𝜕

   

 →     𝜵𝜵 × 𝑫𝑫 = −𝜀𝜀o𝑱𝑱bound
(m) − 𝜀𝜀o𝜇𝜇o

𝜕𝜕𝑯𝑯
𝜕𝜕𝜕𝜕

, 

 4)     𝜵𝜵 ∙ 𝑩𝑩 = 0            →      𝜇𝜇o𝜵𝜵 ∙ 𝑯𝑯 = − 𝜵𝜵 ∙ 𝑴𝑴      →       𝜇𝜇o𝜵𝜵 ∙ 𝑯𝑯 = 𝜌𝜌bound
(m) . 

b) In the above equations, 𝜌𝜌bound
(m) = − 𝜵𝜵 ∙ 𝑴𝑴 and 𝑱𝑱bound

(m) = 𝜕𝜕𝑴𝑴/𝜕𝜕𝜕𝜕 − 𝜀𝜀o−1𝜵𝜵 × 𝑷𝑷. We may thus write 

 𝜵𝜵 ∙ 𝑱𝑱bound
(m) = 𝜵𝜵 ∙ �𝜕𝜕𝑴𝑴

𝜕𝜕𝜕𝜕
− 𝜀𝜀o−1𝜵𝜵 × 𝑷𝑷� = 𝜕𝜕(𝜵𝜵∙𝑴𝑴)

𝜕𝜕𝜕𝜕
− 𝜀𝜀o−1𝜵𝜵 ∙ (𝜵𝜵 × 𝑷𝑷) = 𝜕𝜕(𝜵𝜵∙𝑴𝑴)

𝜕𝜕𝜕𝜕
= − 𝜕𝜕𝜌𝜌bound

(m)

𝜕𝜕𝜕𝜕
 

 →      𝜵𝜵 ∙ 𝑱𝑱bound
(m) + 𝜕𝜕𝜌𝜌bound

(m)

𝜕𝜕𝜕𝜕
= 0. 
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