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City University of Hong Kong - Electrical Engineering 
EE2104 Introduction to Electromagnetics 

Name: _____________________ 
SID:_____________________ 

Test 2 (11 Nov 2022) 
6:00pm~6:40pm (YEUNG LT-7) 

Seat No.:_____________ 

• As a closed-book test, you are not allowed to use any written materials online/offline. 
• Write your answers on the question papers directly. 
• Non-graphical calculators are allowed. Laptops/phones must be switched off. 
• Unless otherwise specified, SI units are assumed in the questions and 3 significant 

figures should be used in numerical answers. 
• The total score is 100. There are a total of 7 pages. 
 
The following formulas may or may not be useful.  
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ε0 = 8.854 × 10−12 (F/m) 
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µ0 = 4π × 10−7 (H/m) 
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Question 1 (15 points) 
Consider a metallic wire of radius b and length L. The resistance is 40 Ω. A current of 
3 A passes through the wire. 
 
(a) Find the voltage drop across the wire (in Volt). 

 
 

(b) Find the power dissipated by the wire (in Watts). 
 

 
(c) If the radius becomes 2b, what would be the value of the resistance? 

 
 

(d) If the length becomes 2L, what would be the value of the resistance? 
 

 
(e) If the current increases to 30 A, how does the drift velocity of the charges change? 
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Question 2 (15 points) 
Consider a parallel-plate capacitor with a capacitance of 1 µF. Its positive plate stores 
3 µC. Its negative plate stores −3 µC. Remember to include the units in your answers. 
 
(a) What is the potential difference between the two plates? 

 
 
 

(b) How much electrical energy is stored by the capacitor? 
 
 
 

(c) How much energy is needed to move +0.1 pC from the negative plate to the positive 
plate? 

 
 
 
(d) Suppose the plates are separated by 100 µm. What is the magnitude of the electric 

field? 
 
 
 

 
(e) If the areas of the plates are doubled, what would be the new capacitance? 
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Question 3 (20 points) 
Consider a sphere of radius L (m) centered at the origin with a uniform charge density 
ρv (C/m3). The spherical coordinate system (r, θ, ϕ) is adopted. 
 
(a) Find the total charge Q0 in the sphere. 

 
 
 

(b) What is the direction of D(r, θ, ϕ)? Express the answers using a unit vector. 
 
 
 

(c) Does the magnitude D(r, θ, ϕ) depend on r? Yes/No. 
Does it depend on θ ? Yes/No. 
Does it depend on ϕ? Yes/No. 
Please briefly state the reason(s) here. 
 
 
 
 

(d) Suppose L = 1 m and ρv = 0.2 C/m3. At point (r, θ, ϕ) = (L/2, π/2, 0), find the electric 
field E using Gauss’s law. Express the final answer using 𝒙𝒙�, 𝒚𝒚�, and/or 𝒛𝒛�. 
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Question 4 (25 points) 
In the spherical coordinate system, there is an electric field: 
 

𝑬𝑬(𝑟𝑟, 𝜃𝜃, 𝜑𝜑) =
22𝑘𝑘
𝑟𝑟

𝒓𝒓� + 11ℎ𝜽𝜽� 
 
for some constants k and h. 
 
(a) What is the unit of k? 
 

 
(b) Given that the electric field is conservative, deduce that h = 0. The reasoning should 

be expressed clearly. 
 
 
 
 
(c) Find the divergence of E. (Hint: Based on part (b), it is now known that h = 0). 

 
 
 
 
 
 
 
 
 
 
 
 

(d) Suppose the space is uniformly filled with a dielectric of susceptibility χ = 2.1. Find 
the charge density (in C/m3) at position (r, θ, ϕ). 
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Question 5 (25 points) 
The diagram below shows a parallel plate capacitor. A piece of dielectric at y = 0 to h 
is sandwiched between two parallel metalic plates. 

• The lower plate is grounded. 
• A positive voltage of +VA is applied to the upper plate. 
• The cross-section area of each plate is M. It is considered to be very large. 
• The permittivity of the dielectric is ε. 

As an example, a dipole of the dielectric is shown below before the voltage is applied. 
 

 
 
 
 

(a) When the voltage VA is applied, describe the motion of the dipole. Draw the final 
position and orientation of the dipole in the above diagram. 
 

 
 
 
(b) In the above diagram, sketch a few equipotential lines. State the reasoning. 
 
 
 
 
(c) Using the Laplace’s equation, deduce the potential V(x, y) in the dielectric. 

Express the answer in terms of h and VA. 
 
 
 
 
 
 
 
 
 
 
 
 

(To be continued on the next page.) 
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(d) What is the electric field inside the upper plate? 
 
 
 
 
 
 
 
(e) What is the electric field at y = h/2 in the middle of the dielectric? 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

~END~ 


