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Problem 2.38) 

a) The magnetic flux through the circular loop is the integral of the 𝐵𝐵-field over the surface are 
of the loop. The field is uniform and confined to an area 𝐴𝐴 defined by the pole-pieces; 
therefore, Φ(𝑡𝑡) = 𝐴𝐴𝐵𝐵0 cos(𝜔𝜔𝑡𝑡). 

b) Using Stokes’ theorem, Faraday’s law, 𝜵𝜵 × 𝑬𝑬 = −𝜕𝜕𝑩𝑩 𝜕𝜕𝑡𝑡⁄ , may be written in integral form as 
follows: 

 ∮𝑬𝑬 ∙ 𝑑𝑑𝓵𝓵 = − 𝑑𝑑
𝑑𝑑𝑑𝑑 ∫𝑩𝑩 ∙ 𝑑𝑑𝒔𝒔 = −𝑑𝑑Φ(𝑑𝑑)

𝑑𝑑𝑑𝑑
= 𝐴𝐴𝐵𝐵0𝜔𝜔 sin(𝜔𝜔𝑡𝑡). 

Symmetry dictates that the 𝐸𝐸-field be uniform around the circle and directed along the 
azimuthal axis 𝝋𝝋� . Therefore, 

 2𝜋𝜋𝜋𝜋𝐸𝐸𝜑𝜑 = 𝐴𝐴𝐵𝐵0𝜔𝜔 sin(𝜔𝜔𝑡𝑡)      →      𝑬𝑬 = 𝐴𝐴𝐵𝐵0𝜔𝜔sin(𝜔𝜔𝑑𝑑)
2𝜋𝜋𝜋𝜋

 𝝋𝝋� . 

c) The induced voltage in the loop is 𝑉𝑉(𝑡𝑡) = ∮𝑬𝑬 ∙ 𝑑𝑑𝓵𝓵 = 𝐴𝐴𝐵𝐵0𝜔𝜔 sin(𝜔𝜔𝑡𝑡). Considering that, in 
accordance with Ohm’s law, 𝑉𝑉(𝑡𝑡) = 𝑅𝑅 𝐼𝐼(𝑡𝑡), we will have 𝐼𝐼(𝑡𝑡) = (𝐴𝐴𝐵𝐵0𝜔𝜔 𝑅𝑅⁄ ) sin(𝜔𝜔𝑡𝑡). 
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