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Problem 2.53) a) The linear velocity of the spherical surface is 𝑽𝑽(𝜌𝜌 = 𝑅𝑅,𝜃𝜃,𝜙𝜙) = (𝑅𝑅 sin𝜃𝜃)𝜔𝜔 𝝓𝝓� . 
Therefore, the surface current density is 𝑱𝑱𝑠𝑠(𝑅𝑅,𝜃𝜃,𝜙𝜙, 𝑡𝑡) = 𝜎𝜎𝑠𝑠𝑽𝑽(𝑅𝑅,𝜃𝜃,𝜙𝜙) = (𝑅𝑅𝜔𝜔𝜎𝜎𝑠𝑠 sin𝜃𝜃)𝝓𝝓� . The 
units of 𝑱𝑱𝑠𝑠 are the units of 𝑅𝑅 [m] times the units of 𝜔𝜔 [sec-1] times the units of 𝜎𝜎𝑠𝑠 [coulomb/m2], 
namely, [ampere/m].  

b) In spherical coordinates, the divergence of the vector field 𝑱𝑱𝑠𝑠 whose only component is along 
the 𝜙𝜙-axis, is given by 𝜵𝜵 ∙ 𝑱𝑱𝑠𝑠 = 1

𝑅𝑅 sin𝜃𝜃
𝜕𝜕𝐽𝐽𝑠𝑠𝑠𝑠
𝜕𝜕𝜕𝜕

= 0. Since the surface-charge-density 𝜎𝜎𝑠𝑠 has no time-

dependence, its derivative with respect to time is zero, that is, 𝜕𝜕𝜎𝜎𝑠𝑠
𝜕𝜕𝜕𝜕

= 0. Clearly, 𝜵𝜵 ∙ 𝑱𝑱𝑠𝑠 + 𝜕𝜕𝜎𝜎𝑠𝑠
𝜕𝜕𝜕𝜕

= 0. 
 


