
Classical Physics – Fall 2018 

Section B: Electricity and Magnetism 

4) Consider the long cylindrical shell centered on the z-axis with inner radius 𝑎 and outer radius 𝑏. The 
cylindrical shell caries a “frozen-in” magnetization, parallel to the xy-plane 𝑴 = 𝑘𝑠!𝜙( where 𝑘 is a constant 
and 𝑠 is the distance from the axis. 

a. Determine all bound current 𝒋" and 𝑲". 
b. Using the bound currents determined in part (a), determine the magnetic field 𝑩 and the auxiliar field 

𝑯 for the regions 𝑠 < 𝑎, 𝑎 < 𝑠 < 𝑏, and 𝑠 > 𝑏. 

Solution) 

a) 

Let’s find the magnetization currents. The volume current is: 

𝒋"(𝒓) = ∇ ×𝑴(𝒓) 

Where the curl in cylindrical coordinate is: 
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Since 𝑴 = 𝑘𝑠!𝜙(: 
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𝒋"(𝒓) = 3𝑘𝑠𝑧̂ 

The surface currents are: 

𝑲"(𝒓') = 𝑴(𝒓') × 𝑛C(𝒓') 

𝑲"(𝒓' = 𝑎) = 𝑴(𝒓' = 𝑎) × 𝑛C(𝒓' = 𝑎) = 𝑘𝑎!𝜙( × (−𝑠̂) = 𝑘𝑎!𝑧̂ 

𝑲"(𝒓' = 𝑏) = 𝑴(𝒓' = 𝑏) × 𝑛C(𝒓' = 𝑏) = 𝑘𝑏!𝜙( × (𝑠̂) = −𝑘𝑏!𝑧̂ 

b) 

The	integral	form	of	Ampere’s	law	∇ × 𝑩 = 𝜇(𝒋	is: 
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where	𝑑𝒍 = 𝑑𝑙𝜙( = 𝑠𝑑𝜙𝜙(.	

Let’s	use	cylindrical	coordinates	𝑥 = 𝑠 cos𝜙,	𝑥 = 𝑠 sin𝜙,	𝑧 = 𝑧.	Then	𝑑𝑺 = 𝑠𝑑𝑠𝑑𝜙𝑧̂:	

• 𝑠 < 𝑎	
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• 𝑎 < 𝑠 < 𝑏	
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Then:	
2𝜋𝑠𝐵 = 2𝜋𝜇(𝑘𝑠& 					→ 					𝐵 = 𝜇(𝑘𝑠!	

• 𝑠 > 𝑏	
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Then:	

2𝜋𝑠𝐵 = 0					 → 					𝐵 = 0	

Thus: 

𝑩(𝑠) = Y
0,																									𝑠 < 𝑎
𝜇(𝑘𝑠!𝜙(,					𝑎 < 𝑠 < 𝑏
0,																										𝑠 > 𝑏

 

Using the fundamental relation of magnetic matter: 

𝑩(𝒓) = 𝜇([𝑴(𝒓) + 𝑯(𝒓)] 

𝑯 =
1
𝜇(
𝑩 −𝑴 

𝑯 = Y
0,														𝑠 < 𝑎
0,						𝑎 < 𝑠 < 𝑏
0,														𝑠 > 𝑏

 

 


