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

Name: _____________________ 
SID:_____________________ 

Test 1 Solution  
9 Oct 2023: 6:00pm~6:45pm (YEUNG LT-15) 

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. 
• Only approved 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 5 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 (16 points) 
Fill in the blanks. 
 
(a) Light is an ___electromagnetic__ wave that is governed by the Maxwell’s equations. 
 
(b) A voltage of 0.47 V is equivalent to ___470__(47)___mV.  
 
(c) The dot product between 𝒙𝒙� and −0.5𝒚𝒚� is __0______. 
 
(d) For vectors 𝑨𝑨 = 2𝒙𝒙� + 2𝒚𝒚� and 𝑩𝑩 = 𝒚𝒚�, there is an angle of __𝜋𝜋

4
  or 0.785 (3𝜋𝜋

4
)(rad). 

 
(e) Consider vector 𝑬𝑬 = 2𝑪𝑪 − 𝑫𝑫 for 𝑪𝑪 = 𝒙𝒙� + 𝒚𝒚� and 𝑫𝑫 = 𝒚𝒚�, we have E =√5 (√10) 
 
(f) A point with rectangular coordinates (x, y, z) = (1, 1, 1) has spherical coordinates of: 
 

• radius r = ___√𝟑𝟑 (3)___ 
 

• polar angle θ = ___0.955 or 54.7°(48.2 or 0.841)___ 
 

• azimuthal angle ϕ = ___𝜋𝜋
4
  or 45°(63.4 or 1.107)____ 

 
 
Question 2 (14 points) 
On the xz-plane, there is an angle of β = 20° between unit vector 𝒂𝒂� and the x-axis. 

 
 
 
 
 
 
 
 

 
 

(a) Label 𝒚𝒚� on the above diagram. 
 

(b) Express 𝒂𝒂� in terms of 𝒙𝒙� and 𝒛𝒛�. Please use 3 significant figures.  
 
𝑎𝑎� = 0.940𝑥𝑥� - 0.342𝑧̂𝑧  ( 𝑎𝑎� = 0.906𝑥𝑥� - 0.423𝑧̂𝑧) 
 
 

(c) Draw 𝒑𝒑� = 𝒂𝒂� × 𝒚𝒚� on the above diagram accurately. 
 

(d) Find 𝒑𝒑� in terms of 𝒙𝒙� and 𝒛𝒛�. Please use 3 significant figures. 
 
𝑝̂𝑝 = 0.342𝑥𝑥� +0.940𝑧̂𝑧 ( 𝑎𝑎� = −0.423𝑥𝑥� - 0.906𝑧̂𝑧) 

 
  

z 

x 
𝒂𝒂� 

β 

y 

1 

𝒑𝒑� 

z 

x 
𝒂𝒂� 

β 

y 1 
𝒑𝒑� 



EE2104 Semester A 2023/2024                                                                       T1-3  S C Chan 
 

Question 3 (15 points) 
A field is given as: 

𝑮𝑮(𝑥𝑥,𝑦𝑦, 𝑧𝑧) = exp(−
𝑦𝑦
𝑎𝑎

)𝒙𝒙� +
𝑥𝑥𝑥𝑥
𝑎𝑎2

 𝒚𝒚� + 𝒛𝒛� 
Find div G. 
 
Solution: 
div G = 𝜵𝜵 ⋅ 𝑮𝑮  
= (𝒙𝒙� ∂

∂x
+  𝒚𝒚� ∂

∂y
+ 𝒛𝒛� ∂

∂z
)⋅  𝑮𝑮 

= ∂
∂x

(exp(−𝑦𝑦
𝑎𝑎

)) +  𝑥𝑥𝑥𝑥
𝑎𝑎2

∂
∂y

+ ∂
∂z

1 

= 𝑥𝑥
𝑎𝑎2

 (or 𝑥𝑥
𝑎𝑎3

 in different versions) 
 
 
Question 4 (15 points) 
A disc of radius a = 3 m is placed on the xy-plane. It is centered at the origin. 
Expressed in the cylindrical coordinates (ρ,  φ), the disc has charges with a density of: 
 

𝐾𝐾 = 𝑄𝑄𝑠𝑠 cos
𝜋𝜋𝜌𝜌2

2𝑎𝑎2
sin

𝜙𝜙
2

 
 
where Qs = 23 µC/m2. Find the total charge of the disc. 
 
Solution: 
Differential charge: dQ = 𝐾𝐾 dA = 𝑄𝑄𝑠𝑠 cos 𝜋𝜋𝜌𝜌

2

2𝑎𝑎2
sin𝜙𝜙

2
 𝜌𝜌𝜌𝜌𝜌𝜌 𝑑𝑑𝜙𝜙 

Total charge Q = ∫ 𝑑𝑑𝑄𝑄𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑  

=𝑄𝑄𝑠𝑠 � cos 𝜋𝜋𝜌𝜌
2

2𝑎𝑎2

𝑎𝑎

𝜌𝜌=0
𝜌𝜌𝜌𝜌𝜌𝜌� sin𝜙𝜙

2

2𝜋𝜋

𝜙𝜙=0
𝑑𝑑𝜙𝜙 

=𝑄𝑄𝑠𝑠
𝑎𝑎2

𝜋𝜋
(sin 𝜋𝜋𝜌𝜌2

2𝑎𝑎2
) |03  (−2cos𝜙𝜙

2
) |02𝜋𝜋 

=264µC 
 
 
Differential charge: dQ = 𝐾𝐾 dA = 𝑄𝑄𝑠𝑠 cos 𝜋𝜋𝜌𝜌

2

2𝑎𝑎2
exp �𝜙𝜙

2
� 𝜌𝜌𝜌𝜌𝜌𝜌 𝑑𝑑𝜙𝜙 

Total charge Q = ∫ 𝑑𝑑𝑄𝑄𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑  

= 𝑄𝑄𝑠𝑠 � cos 𝜋𝜋𝜌𝜌
2

2𝑎𝑎2

𝑎𝑎

𝜌𝜌=0
𝜌𝜌𝜌𝜌𝜌𝜌� exp 𝜙𝜙

2

2𝜋𝜋

𝜙𝜙=0
𝑑𝑑𝜙𝜙 

= 𝑄𝑄𝑠𝑠
𝑎𝑎2

𝜋𝜋
(sin 𝜋𝜋𝜌𝜌2

2𝑎𝑎2
) |03 ⋅ 2exp �𝜙𝜙

2
� |02𝜋𝜋  = -2.92 mC 
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Question 5 (40 points) 
Consider a line charge placed on the y-axis from y = −2104 (meters) to y = 0. 
It carries a constant charge density of 2023 (pC/m). 
Measurement of the electric field is made at point P at (x, y) = (2104, 0) in meters. 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
(a) On the line charge, what is the amount of differential charge dQ contained in a segment 
from y to y + dy?      
 

________2023×10-12 dy________ 
 
(b) For the above segment, an angle α is defined in reference to the x-axis (as shown in the 
diagram). Write down each of the following in terms of α. 
 

• The coordinate y of the segment. 
_________-2104 tanα______ 

 
• The unit vector 𝒂𝒂� pointing from the segment to P. 

_______cosα𝑥𝑥� + sinα𝑦𝑦�_____ 
 

• The distance L from the segment to P. 
_______2104secα_______ 

 
• The segment length dy. 

___-2104sec2 α dα__ 
 
 
(c) What is the differential electric field due to the segment dy acting on P? Simplify the answer 
by expressing everything in terms of α as much as possible. 
 
Solution: 
Differential field dE = 1

4𝜋𝜋𝜀𝜀𝑜𝑜
2023 𝑑𝑑𝑑𝑑 𝒂𝒂� 

𝐿𝐿2
  

                                 =  2023
4𝜋𝜋𝜀𝜀𝑜𝑜

 −2104sec
2 α dα  

21042 sec2 α 
 (cosα𝑥𝑥� + sinα𝑦𝑦�) 

                                 = 2023
8416𝜋𝜋𝜀𝜀𝑜𝑜

(−dα) (cosα𝑥𝑥� + sinα𝑦𝑦�) 
 
 
 
 

x-axis 
2104 

α 

y-axis 

P 
21

04
 

 

y 



EE2104 Semester A 2023/2024                                                                       T1-5  S C Chan 
 

 (d) Find the magnitude of the electric field at P that is caused by the whole line charge. 
 
Solution: 
Total E = ∫0𝑦𝑦=−2104 𝑑𝑑𝑬𝑬 

             = −2023
8416𝜋𝜋𝜀𝜀𝑜𝑜

 ∫ (cosα𝑥𝑥�  +  sinα𝑦𝑦�)0
45° 𝑑𝑑α 

             = 2023
8416𝜋𝜋𝜀𝜀𝑜𝑜

 [sin α − cos α]045° 

            = 2023
8416𝜋𝜋𝜀𝜀𝑜𝑜

 [ 1
√𝟐𝟐 

x� – ( 1
√𝟐𝟐 

− 1)y�) ] 
 

The magnitude E = 2023
8416𝜋𝜋𝜀𝜀𝑜𝑜

 �1
𝟐𝟐 

+ � 1
√𝟐𝟐 

− 1�
2
 

                             = 6.61mV/m 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
~END~ 


