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KING FAHD UNIVERSITY OF PETROLEUM & MINERALS 

ELECTRICAL ENGINEERING DEPARTMENT 

 

 

 

Problem 1).  A parallel plate capacitor, with separation of 10 cm and free space 

between them, is charged by 12-V dc source that kept all the time. Determine: 

 

a) The electric field between the plates. 

 

𝐸 =
𝑉𝑎

𝑑
=

12𝑉

10 × 10−2 𝑚
= 120 𝑉/𝑚 

 

 

 

 

 

 

 

b) The potential V at the middle between the plates, and at 3 cm from the positive 

charged plate. 

𝑉(𝑥) =
𝑉𝑎

𝑑
𝑥 = 𝐸 ∗ 𝑥 

𝑎𝑡 𝑡ℎ𝑒 𝑚𝑖𝑑𝑑𝑙𝑒 ⟶ 𝑥 = 5 𝑐𝑚 ⟶ 𝑉(5 𝑐𝑚) = 120 ∗ 5 × 10−2 = 6 𝑉 

 

At 3 cm from the positive charged plate= at 7 cm from 0 V plate 

⟶ 𝑥 = 7 𝑐𝑚 ⟶ 𝑉(7𝑐𝑚) = 120 ∗ 7 × 10−2 = 8.4 𝑉 
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Problem 2).  

a)  Twin-wire transmission line is 40 meter long, has a wire diameter of 4 mm, 

separation of the wires, measured between their centerlines, is 8 mm. Calculate 

the characteristic impedance of the wire. (𝜀𝑟 = 2.3, 𝜇𝑟 = 1) 

 

𝐶/𝑙 = 
𝜋𝜀

ln(
ℎ

𝑎
+√ℎ2

𝑎2−1  )

=
𝜋×2.3×𝜀0

ln(
4

2
+√42

22−1  )

= 48.56 𝑝𝐹 

 

𝐿/𝑙 =
𝜇

𝜋
ln (

2ℎ

𝑎
) =

𝜇

𝜋
ln (

2 × 4

2
) = 0.5545 𝜇𝐻 

 

𝑍0 = √
𝐿   

𝐶 
= √

𝐿/𝑙   

𝐶/𝑙 
= √

0.5545 × 10−6

48.56 × 10−12
= 106.86 Ω 

 

 

 

 

 

b) A Coaxial Transmission line with characteristic impedance of 75Ω and 

capacitance per unit length of 68 pF/m, calculate the ratio between outer radius 

and inner radius ( 
𝑏

𝑎
 ). (𝜀𝑟 = 2.3, 𝜇𝑟 = 1)   

 

𝐶/𝑙 = 
2𝜋𝜀

ln (
𝑏

𝑎
)

⟶ ln (
𝑏

𝑎
) =

2𝜋𝜀𝑟𝜀0
𝐶

𝑙

 ⟶
𝑏

𝑎
= 𝑒

2𝜋𝜀𝑟𝜀0
𝐶/𝑙 = exp (

2𝜋×2.3×𝜀0

68×10−12 ) = 6.5587 ≈ 6.56  
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Problem 3)  

a) Find the potential distribution (i.e. all unknown potential points) inside the 

structure given in Figure 1. Take a step size of 5 cm in both dimension. (the 20 V 

plate is NOT touching the other plates)  

 

𝑉(𝑖, 𝑗) =
1

4
[𝑉(𝑖 + 1, 𝑗) + 𝑉(𝑖 − 1, 𝑗) + 𝑉(𝑖. 𝑗 + 1)

+ 𝑉(𝑖, 𝑗 − 1)] 

𝑉𝑥 =
1

4
[𝑉𝑦 + 0 + 20 + 0]  ⟶ 4𝑉𝑥 − 𝑉𝑦 = 20    (1) 

𝑉𝑦 =
1

4
[0 + 𝑉𝑥 + 20 + 0]  ⟶ −𝑉𝑥 + 4𝑉𝑦 = 20 (2) 

𝐵𝑦 𝐶𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑜𝑟 𝑉𝑥 = 𝑉𝑦 =
20

3
= 6.67 𝑉 

 

 

 

 

 

 

 

 

b) Find the First iteration of 𝑉1, 𝑉2 and 𝑉3  in Figure 2, the step size is 5 cm in both 

dimension. 

 

First, Assume all unknown points = 0V 

First Iteration: 

𝑉1 =
1

4
[0 + 5 + 0 + 0] =

5

4
= 1.25 𝑉 

𝑉2 =
1

4
[0 + 0 + 0 + 5] =

5

4
= 1.25 𝑉 

𝑉3 = 12 𝑉 (𝑓𝑖𝑥𝑒𝑑 𝑣𝑎𝑙𝑢𝑒) 

 

 

 

 

 

 

Figure 1 

5 10 
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Vx Vy 
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Formula Sheet 

𝐸 = −∇𝑉 =
𝜕𝑉

𝜕𝑥
 

𝐸 =
𝑉1 − 𝑉0

𝑥1 − 𝑥0
= −

𝑉𝑎

𝑑
 

𝜕𝑉

𝜕𝑥
=

𝑉𝑎

𝑑
 

𝑉(𝑥) =
𝑉𝑎

𝑑
𝑥 

 

𝜀0 = 8.85 × 10−12 𝐹/𝑚 

𝜇0 = 4𝜋 × 10−7 𝐻/𝑚 

 

𝐶/𝑙 = 
2𝜋𝜀

ln (
𝑏

𝑎
)
            ;            𝐿/𝑙 =

𝜇

2𝜋
ln (

𝑏

𝑎
). 

𝐶/𝑙 = 
𝜋𝜀

ln (
ℎ

𝑎
+√ℎ2

𝑎2−1  )

  ;            𝐿/𝑙 =
𝜇

𝜋
ln (

2ℎ

𝑎
). 

𝑍0 = √
𝐿   

𝐶  
 . 

 

 

 

∇2𝑉 = 0 

𝜕2𝑉

𝜕𝑥2
+

𝜕2𝑉

𝜕𝑦2
= 0 

𝜕2𝑉

𝜕𝑥2
=

𝑉(𝑖 + 1, 𝑗) − 2𝑉(𝑖, 𝑗) + 𝑉(𝑖 − 1, 𝑗)

(∇𝑥)2
 

𝜕2𝑉

𝜕𝑦2
=

𝑉(𝑖, 𝑗 + 1) − 2𝑉(𝑖, 𝑗) + 𝑉(𝑖, 𝑗 − 1)

(∇𝑦)2
 

𝑉(𝑖, 𝑗) =
1

4
[𝑉(𝑖 + 1, 𝑗) + 𝑉(𝑖 − 1, 𝑗) + 𝑉(𝑖. 𝑗 + 1) + 𝑉(𝑖, 𝑗 − 1)] 

 

 

 

 

 

    


