
Solutions Opti 501 1/1 
 
Problem 2.8) 

a) 𝑩𝑩(𝒓𝒓, 𝑡𝑡) = 𝜇𝜇0[𝑯𝑯1(𝒓𝒓, 𝑡𝑡) + 𝑯𝑯2(𝒓𝒓, 𝑡𝑡)] = 𝜇𝜇0𝐼𝐼0
2𝜋𝜋

� 1
(𝑑𝑑 2⁄ ) + 𝑥𝑥

+ 1
(𝑑𝑑 2⁄ ) − 𝑥𝑥

� sin(2𝜋𝜋𝑓𝑓𝑡𝑡) 𝒛𝒛�. 

Here 𝑥𝑥 is the distance from the center-line. The expression can be slightly simplified to yield 

 𝑩𝑩(𝒓𝒓, 𝑡𝑡) = 2𝜇𝜇0𝐼𝐼0𝑑𝑑
𝜋𝜋(𝑑𝑑2− 4𝑥𝑥2) sin(2𝜋𝜋𝑓𝑓𝑡𝑡) 𝒛𝒛�;               |𝑥𝑥| ≤ (𝑑𝑑 2⁄ ) − 𝑅𝑅. 

b) The two wires contribute equally to the flux, so we must double the contribution of one wire 
to find the total flux, that is, 

 Φ(𝑡𝑡) = 2� 𝜇𝜇0𝐼𝐼0
2𝜋𝜋𝑟𝑟

sin(2𝜋𝜋𝑓𝑓𝑡𝑡) d𝑟𝑟
𝑑𝑑−𝑅𝑅

𝑅𝑅
= �𝜇𝜇0𝐼𝐼0

𝜋𝜋
� sin(2𝜋𝜋𝑓𝑓𝑡𝑡) ln 𝑟𝑟|𝑅𝑅 

𝑑𝑑−𝑅𝑅  

 = �𝜇𝜇0𝐼𝐼0
𝜋𝜋
� ln �𝑑𝑑

𝑅𝑅
− 1� sin(2𝜋𝜋𝑓𝑓𝑡𝑡). 

c) Φ(𝑡𝑡) = 𝐿𝐿 𝐼𝐼(𝑡𝑡)     →     𝐿𝐿 = �𝜇𝜇0
𝜋𝜋
� ln �𝑑𝑑

𝑅𝑅
− 1�. 

Note that both 𝜇𝜇0 and 𝐿𝐿 have units of henry/meter. 

d) Maxwell’s third equation, 𝜵𝜵 × 𝑬𝑬 = −𝜕𝜕𝑩𝑩 𝜕𝜕𝑡𝑡⁄ , also known as Faraday’s law, can be written in 
integral form as ∮𝑬𝑬 ∙ d𝓵𝓵 = −dΦ d𝑡𝑡⁄ , where the 𝐵𝐵-field flux is given by Φ(𝑡𝑡) = ∫ 𝑩𝑩(𝒓𝒓, 𝑡𝑡) ∙ 𝐝𝐝𝒔𝒔

surface
. 

Taking the 𝐸𝐸-field integral around a rectangular loop, and noting that the legs of the rectangle 
that are aligned with the wires contribute equally to the integral, whereas contributions of the 
legs that are perpendicular to the wires cancel out, we will have 

 ∮𝑬𝑬 ∙ 𝐝𝐝𝓵𝓵 = −dΦ
d𝑡𝑡

       →       𝐸𝐸(𝑡𝑡) = −1
2
�dΦ
d𝑡𝑡
� = −𝜇𝜇0𝐼𝐼0𝑓𝑓 ln �𝑑𝑑

𝑅𝑅
− 1� cos(2𝜋𝜋𝑓𝑓𝑡𝑡). 


