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ELECTRIC FIELD ROD INTEGRALS 

 
𝜆𝜆

𝜃𝜃 𝜃𝜃

 

𝜆𝜆 = 𝑄𝑄
𝐿𝐿 = 𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 = 𝑄𝑄

𝐿𝐿 𝑑𝑑𝑑𝑑

𝜆𝜆 = 𝑄𝑄
𝐿𝐿 = 𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 = 𝑄𝑄

𝐿𝐿 𝑑𝑑𝑑𝑑

𝜆𝜆 = 𝑄𝑄
𝐿𝐿 = 𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 = 𝑅𝑅 𝑑𝑑𝜃𝜃

𝑑𝑑𝑑𝑑 = 𝑄𝑄
𝐿𝐿 𝑅𝑅 𝑑𝑑𝜃𝜃

 

𝑑𝑑𝑑𝑑 = 𝑘𝑘 𝑑𝑑𝑑𝑑
𝑟𝑟2 = 𝑘𝑘𝑄𝑄

𝐿𝐿  𝑑𝑑𝑑𝑑
𝑟𝑟2 𝑑𝑑𝑑𝑑 = 𝑘𝑘 𝑑𝑑𝑑𝑑

𝑟𝑟2 = 𝑘𝑘𝑄𝑄
𝐿𝐿  𝑑𝑑𝑑𝑑

𝑟𝑟2 𝑑𝑑𝑑𝑑 = 𝑘𝑘 𝑑𝑑𝑑𝑑
𝑟𝑟2 = 𝑘𝑘𝑄𝑄

𝐿𝐿  𝑅𝑅 𝑑𝑑𝜃𝜃
𝑟𝑟2

 𝑑𝑑�⃗�𝑑 

𝑑𝑑�⃗�𝑑 = 𝑑𝑑𝑑𝑑𝑥𝑥𝑖𝑖̂ + 𝑑𝑑𝑑𝑑𝑦𝑦𝑗𝑗̂ 𝑑𝑑�⃗�𝑑 = 𝑑𝑑𝑑𝑑 (𝑐𝑐𝑐𝑐𝑑𝑑𝜃𝜃𝑖𝑖̂ + 𝑑𝑑𝑠𝑠𝑠𝑠𝜃𝜃𝑗𝑗̂)

𝑑𝑑�⃗�𝑑 �⃗�𝑑 = ∫ 𝑑𝑑�⃗�𝑑 
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Example one: 

 

 

𝜆𝜆 = 𝑄𝑄
𝐿𝐿 = 𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑                                                                 𝑑𝑑𝑑𝑑 = 𝑟𝑟𝑑𝑑𝑟𝑟 → 𝑄𝑄
𝐿𝐿 = 𝑑𝑑𝑑𝑑

𝑟𝑟𝑑𝑑𝑟𝑟

𝑑𝑑𝑑𝑑 = 𝑄𝑄
𝐿𝐿 𝑟𝑟𝑑𝑑𝑟𝑟                                                                   𝐿𝐿 = 2𝜋𝜋𝑟𝑟

4   → 𝑟𝑟 = 2𝐿𝐿
𝜋𝜋

𝑑𝑑𝑑𝑑 = 𝑘𝑘𝑑𝑑𝑑𝑑
𝑟𝑟2 = 𝑘𝑘

𝑟𝑟2
𝑄𝑄
𝐿𝐿 𝑟𝑟𝑑𝑑𝑟𝑟 → 𝑘𝑘𝑄𝑄

𝐿𝐿𝑟𝑟  𝑑𝑑𝑟𝑟        

𝑑𝑑𝑑𝑑 = 𝑘𝑘𝑄𝑄
𝐿𝐿 2𝐿𝐿

𝜋𝜋
 𝑑𝑑𝑟𝑟  → 𝑑𝑑𝑑𝑑 =  𝑘𝑘𝑄𝑄𝜋𝜋

2𝐿𝐿2 𝑑𝑑𝑟𝑟

𝑑𝑑�⃗�𝑑 = 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑟𝑟 𝑖𝑖̂ + 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑟𝑟 𝑗𝑗̂  

�⃗�𝑑 = ∫ 𝑑𝑑�⃗�𝑑 =  𝑘𝑘𝑄𝑄𝜋𝜋
2𝐿𝐿2 ∫

𝜋𝜋
2

0
𝑑𝑑𝑑𝑑𝑑𝑑𝑟𝑟 𝑖𝑖̂𝑑𝑑𝑟𝑟 +  𝑘𝑘𝑄𝑄𝜋𝜋

2𝐿𝐿2 ∫
𝜋𝜋
2

0
𝑑𝑑𝑑𝑑𝑑𝑑𝑟𝑟 𝑗𝑗̂ 𝑑𝑑𝑟𝑟

�⃗�𝑑 =
𝑘𝑘𝑄𝑄𝜋𝜋
2𝐿𝐿2 [𝑑𝑑𝑑𝑑𝑑𝑑𝑟𝑟]�̂�𝑑 +  

𝑘𝑘𝑄𝑄𝜋𝜋
2𝐿𝐿2 [−𝑑𝑑𝑑𝑑𝑑𝑑𝑟𝑟] �̂�𝑗 =

𝑘𝑘𝑄𝑄𝜋𝜋
2𝐿𝐿2 [1 − 0]�̂�𝑑 −

𝑘𝑘𝑄𝑄𝜋𝜋
2𝐿𝐿2 [0 − 1] �̂�𝑗

 �⃗�𝑑 = 𝑘𝑘𝑄𝑄𝜋𝜋
2𝐿𝐿2 𝑖𝑖̂ + 𝑘𝑘𝑄𝑄𝜋𝜋

2𝐿𝐿2  𝑗𝑗̂

𝑑𝑑 = √𝑑𝑑𝑋𝑋
2 + 𝑑𝑑𝑦𝑦2  =  √(𝑘𝑘𝑄𝑄𝜋𝜋

2𝐿𝐿2 )
2
+ (𝑘𝑘𝑄𝑄𝜋𝜋

2𝐿𝐿2 )
2
=  √2 (𝑘𝑘𝑄𝑄𝜋𝜋

2𝐿𝐿2 )
2

𝑑𝑑 =  √2(
(8.99)109 (2.80)10−9 𝜋𝜋

2((6.40) 10−2)2 )
2
= 13652 𝑁𝑁/𝐶𝐶

           



 

 

 

Example two: 

 
 

 

𝜆𝜆 = 𝑄𝑄
𝐿𝐿 = 𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑 → 𝑑𝑑𝑑𝑑 = 𝑄𝑄
𝐿𝐿 𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑 = 𝑘𝑘𝑑𝑑𝑑𝑑
(𝑟𝑟 − 𝑑𝑑)2 = 𝑘𝑘𝑄𝑄

𝐿𝐿
𝑑𝑑𝑑𝑑

(𝑟𝑟 − 𝑑𝑑)2

𝑑𝑑 = ∫ 𝑑𝑑𝑑𝑑 = ∫ 𝑘𝑘𝑄𝑄
𝐿𝐿

𝑑𝑑𝑑𝑑
(𝑟𝑟 − 𝑑𝑑)2  = 𝑘𝑘𝑄𝑄

𝐿𝐿  ∫
𝐿𝐿
2

−𝐿𝐿
2

𝑑𝑑𝑑𝑑
(𝑟𝑟 − 𝑑𝑑)2 

𝑑𝑑 = 𝑘𝑘𝑄𝑄
𝐿𝐿 [ 1

(𝑟𝑟 − 𝑑𝑑)]

𝑑𝑑 = 𝑘𝑘𝑄𝑄
𝐿𝐿 [ 1

𝑟𝑟 − 𝐿𝐿
2

− 1
𝑟𝑟 − (−𝐿𝐿

2)
]

𝑑𝑑 = 𝑘𝑘𝑄𝑄
𝐿𝐿 [ 1

𝑟𝑟 − 𝐿𝐿
2

− 1
𝑟𝑟 + 𝐿𝐿

2
] = 𝑘𝑘𝑄𝑄

𝐿𝐿 [
(𝑟𝑟 + 𝐿𝐿

2) − (𝑟𝑟 − 𝐿𝐿
2)

𝑟𝑟2 − 𝐿𝐿
4

2 ] = 𝑘𝑘𝑄𝑄
𝐿𝐿  𝐿𝐿

𝑟𝑟2 − 𝐿𝐿2

4

𝑑𝑑 = 𝑘𝑘𝑄𝑄

𝑟𝑟2 − 𝐿𝐿2

4

𝑑𝑑 =
(8.99 ∗ 109) ∗ (2.80 ∗ 10−9)

0.0882 − 0.0642

4
= 3746 𝑁𝑁/𝐶𝐶  

�⃗�𝑑 = {3750 𝑖𝑖̂} 𝑁𝑁/𝐶𝐶



 

For more information or to book an appointment 
Call: 905.721.8668 ext. 6578  
Email: studentlearning@uoit.ca North location:  Student Life 

Building 
Website: 
ontariotechu.ca/studentlearning   

Downtown location:  61 Charles 
St. 

 

 

Example three: 

 

 

𝜆𝜆 = 𝑄𝑄
𝐿𝐿 = 𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑 ,                                                                 𝑑𝑑𝑑𝑑 = 𝑟𝑟𝑑𝑑𝑟𝑟 → 𝑄𝑄
𝐿𝐿 = 𝑑𝑑𝑑𝑑

𝑟𝑟𝑑𝑑𝑟𝑟

𝑑𝑑𝑑𝑑 = 𝑄𝑄
𝐿𝐿 𝑟𝑟𝑑𝑑𝑟𝑟                                                                   𝐿𝐿 = 2𝜋𝜋𝑟𝑟

2   → 𝑟𝑟 = 𝐿𝐿
𝜋𝜋

𝑑𝑑�⃗�𝐸 = 𝑘𝑘𝑑𝑑𝑑𝑑
𝑟𝑟2 = 𝑘𝑘

𝑟𝑟2
𝑄𝑄
𝐿𝐿 𝑟𝑟𝑑𝑑𝑟𝑟 → 𝑘𝑘𝑄𝑄

𝐿𝐿𝑟𝑟  𝑑𝑑𝑟𝑟

�⃗�𝐸 = ∫ 𝑑𝑑𝐸𝐸𝑑𝑑𝑑𝑑𝑑𝑑𝑟𝑟 𝑖𝑖̂ =  𝑘𝑘𝑄𝑄𝐿𝐿𝑟𝑟 ∫
𝜋𝜋
2

−𝜋𝜋
2

𝑑𝑑𝑑𝑑𝑑𝑑𝑟𝑟 𝑑𝑑𝑟𝑟 𝑖𝑖̂

�⃗�𝐸 = 𝑘𝑘𝑄𝑄
𝐿𝐿𝑟𝑟 𝑑𝑑𝑠𝑠𝑠𝑠𝑟𝑟 𝑖𝑖̂

�⃗�𝐸 = 𝑘𝑘𝑄𝑄
𝐿𝐿𝑟𝑟 [𝑑𝑑𝑠𝑠𝑠𝑠 𝜋𝜋

2 −𝑑𝑑𝑠𝑠𝑠𝑠 𝑑𝑑𝑠𝑠𝑠𝑠 (−𝜋𝜋
2) ] 𝑖𝑖̂ = 𝑘𝑘𝑄𝑄

𝐿𝐿𝑟𝑟 (1 − (−1)) 𝑖𝑖̂ = 𝑘𝑘𝑄𝑄
𝐿𝐿𝑟𝑟 (2)𝑖𝑖̂

�⃗�𝐸 = 2𝑘𝑘𝑄𝑄
𝐿𝐿 𝐿𝐿𝜋𝜋

𝑖𝑖̂ =  2𝑘𝑘𝑄𝑄𝜋𝜋
𝐿𝐿2  𝑖𝑖̂

�⃗�𝐸 = 2𝑘𝑘𝑄𝑄𝜋𝜋
𝐿𝐿2  𝑖𝑖̂ = 2 (8.99) 109 (2.8)10−9 𝜋𝜋

0.0642  𝑖𝑖̂

�⃗�𝐸 = {(3.86) 104 𝑖𝑖̂} 𝑁𝑁/𝐶𝐶 

 

Student Learning Centre 
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