












 
EE2104 Semester A 2020/2021 Test2-1 S C Chan 

City University of Hong Kong 
Electrical Engineering 
Semester A 2020-2021 

EE2104 Introduction to Electromagnetics 
Test 2B 

On the first page of your answer sheets, copy the following sentence and sign it:  I pledge to 
follow the Rules on Academic Honesty and understand that violations may lead to severe 
penalties. (Signature)_____(Date)______ 
 
For Test 2, Part A on short questions should be submitted to Canvas directly, while Part B on 
the long questions below should be submitted by handwriting, scanning, and uploading to 
Canvas. The two submissions are independent. 
 
Question B1 (20 points) 
An infinitely long medium with a circular cross-section of radius a is placed along the z-axis. 
The region for radial coordinate ρ between a and 2a is filled with air, where the electric potential 
is known to be 

𝑉𝑉(𝜌𝜌,𝜙𝜙, 𝑧𝑧) = 𝑉𝑉0 �
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for some constant voltage V0 and positive constant m. Note that the region other than a <ρ< 2a 
is unknown so that the usual symmetry argument may not apply. 

(a) Find the magnitude of the electric field at (x, y) = (a, 0). 
(b) Find m by providing a clear reasoning. 

 
Solution: 

(a) Since 𝑬𝑬 = −∇𝑉𝑉. 
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At (x, y) = (a, 0), ρ = a and 𝜙𝜙 = 0, so the electric field magnitude is 

𝐸𝐸 =
7𝑉𝑉0
𝑎𝑎

 
 

(b) Laplace equation: ∇2𝑉𝑉 = ∇ ∙ (∇𝑉𝑉) = 0 
So we have 

∇ ∙ �
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Then we have  
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Therefore, 𝑚𝑚 = 7. 
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Question B2 (20 points) 
An infinitely long wire with a circular cross-section of radius b is placed along the z-axis. It 
carries a current density towards the +z-direction with the magnitude being dependent on the 
radial coordinate ρ 

𝐽𝐽(𝜌𝜌) = 𝐽𝐽0𝜌𝜌8/𝑏𝑏8 
 
for some constant J0 (A/m2). The current generates a magnetic field B. Also, there is a 
measurement point P (x, y, z) = (b, b, 0) as expressed in the Cartesian coordinates. 

(a) What is the direction of the magnetic field at point P? Express the answer in terms of 
Cartesian unit vectors ax and ay. Please provide the reason in one sentence. 

(b) Does the field magnitude B(ρ, φ, z) depend on coordinate ρ ? Please provide the reason 
in one sentence. 

(c) Find the magnitude B at point P. 
 
 

Solution: 
(a) The direction of the magnetic field at point P is towards −ax + ay.  

This is because the current density is towards the +z-direction and independent on (φ, z). 
 

(b) The field magnitude B(ρ, φ, z) is actually dependent on coordinate ρ, although it is 
independent of φ. 
This is again because of symmetry Point P is outside the wire. 
 

(c) Using Ampere’s law, we have 

� 𝑯𝑯 ⋅ 𝑑𝑑𝑳𝑳 = 𝐼𝐼
𝐿𝐿

 

      Thus,  
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      Then we have 

2√2𝑏𝑏𝑏𝑏𝑏𝑏 =
𝜋𝜋𝑏𝑏2𝐽𝐽0
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        So 𝐻𝐻 = √2𝐽𝐽0𝑏𝑏
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       The magnitude B at point P is 𝜇𝜇0
√2𝐽𝐽0𝑏𝑏
20
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