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Coursework Exercise 2 of Physics 2  

     Continuous distribution and electric dipole 

           Exercise 1: 

   1°)a) Let us calculate the field 𝐄𝐌 created at a point M of the axis OY: 

The elementary field 𝑑𝐸 due to an element of length dℓ with charge dq = λ dℓ has the expression  

                 𝑑𝐸⃗⃗ ⃗⃗     =   𝑑𝐸𝑥⃗⃗ ⃗⃗ ⃗⃗     +  𝑑𝐸𝑦⃗⃗ ⃗⃗ ⃗⃗        where    {
𝑑𝐸𝑥⃗⃗ ⃗⃗ ⃗⃗    =  −dE 𝑖   =  −dE sin α 𝑖    

𝑑𝐸𝑦⃗⃗ ⃗⃗ ⃗⃗    =  −dE 𝑗   =  −dE cos α 𝑗   
 

     

      Knowing that dE = 
𝑘 𝑑𝑞

𝑟2
 = 

𝑘 λ dℓ 

𝑟2
                                                                                                

 

    So {
𝑑𝐸𝑥 =   

𝑘 λ dℓ 

𝑟2
  sinα  

𝑑𝐸𝑦 =  
𝑘 λ dℓ 

𝑟2
= cosα 

 

 

  Here we have three variable r, ℓ and α and we must choose        

 

    only one variable, here we will choose α   

    

    cos α = 
𝑦

𝑟
  → r = 

𝑦

cos α
    

    tan α =  
ℓ

𝑦
  →  ℓ = y tan α   → 𝑑ℓ = 

𝑦 𝑑α

𝑐𝑜𝑠2α
 

 

     when substituting 𝑟2 𝑎𝑛𝑑   𝑑ℓ by their values we get: 

     {
𝑑𝐸𝑥 =   

𝑘 λ dℓ 

𝑟2
sin α =  

𝑘 λ  

𝑦
 sin α dα   

𝑑𝐸𝑦 =  
𝑘 λ dℓ 

𝑟2
cos α =  

𝑘 λ  

𝑦
 cos α dα    

 

 

  ⇒  𝐸𝑥 = 
𝑘 λ  

𝑦
 ∫ sin α dα
α1
−α2

 = 
𝑘 λ  

𝑦
 (cos α2 − cosα1)      and   𝐸𝑦 = 

𝑘 λ  

𝑦
 ∫ cos α dα
α1
−α2

 = 
𝑘 λ  

𝑦
 (sin α1 + sin α2) 

     

   𝐸⃗  = 
𝑘 λ  

𝑦
 (cos α2 − cos α1) 𝑖 +  

𝑘 λ  

𝑦
 (sin α1 + sin α2) 𝑗  

 

    E = √𝐸𝑥
2 + 𝐸𝑦

2  =  
𝑘 λ  

𝑦
√2 + 2(sin α1 sin α2 +  cos α1 cos α2)   

    We have :  cos(a+b) = cos(a)cos(b) – sin(a)sin(b) = -(sin(a)sin(b)-cos(a)cos(b)) 

     E = 
𝑘 λ  

𝑦
√2 − 2cos ( α1+α2)  = 

𝑘 λ  

𝑦
√2[1 − cos ( α1+α2)]   

 

    We also know that 1 − cos ( α1+α2) = 2𝑠𝑖𝑛2 (
α1+α2

2
)  

                                            E= 
𝟐𝒌 𝛌  

𝒚
𝒔𝒊𝒏 (

𝛂𝟏+𝛂𝟐

𝟐
)  

 

 

𝑑𝐸⃗⃗ ⃗⃗    

𝑑𝐸𝑥⃗⃗ ⃗⃗ ⃗⃗   

𝑑𝐸𝑦⃗⃗ ⃗⃗ ⃗⃗   

A B 



 

    Another method consists of choosing the variable ℓ 

     cos α = 
𝑦

𝑟
  = 

𝑦

√ℓ2+ 𝑦2 
     and sin α= 

ℓ

𝑟
 = 

ℓ

√ℓ2+ 𝑦2 
 

 

        {

𝑑𝐸𝑥 =   
𝑘 λ.ℓ.dℓ 

(ℓ2+ 𝑦2 )
3
2

   

𝑑𝐸𝑦 =  
𝑘 λ y dℓ 

(ℓ2+ 𝑦2 )
3
2

   
 

       

{
 
 

 
 𝐸𝑥 = 𝑘 λ ∫

ℓ.dℓ 

(ℓ2+ 𝑦2 )
3
2

2𝑑

0
= 𝑘 λ |

−1

√ℓ2+ 𝑦2 
|
0

2𝑑

=  𝑘 λ (
−1

√4d2+ 𝑦2 
+ 

1

𝑦
) 

𝐸𝑦 = 𝑘 λ  y ∫
 dℓ 

(ℓ2+ 𝑦2 )
3
2

2𝑑

0
= 𝑘 λ  y |

ℓ

𝑦2 √ℓ2+ 𝑦2 
|
0

2𝑑

=  𝑘 λ (
2𝑘 λ  d

𝑦√4d2+ 𝑦2 
)

 

 

 

           1)b) Let’s calculate the potential created on a point M on the OY axis 

      dV = 
𝑘 𝑑𝑞

𝑟
= 

𝑘 λ  dℓ 

(ℓ2+ 𝑦2 )
1
2

  

       V = ∫𝑑𝑉 =  𝑘 λ∫
  dℓ 

(ℓ2+ 𝑦2 )

1
2

2𝑑

0
  =  |𝑘 λ  ln(ℓ +√ℓ

2
+ 𝑦2 )|

0

2𝑑

 

      V= 𝒌 𝛌 [𝒍𝒏 (𝟐𝒅 + √𝟒𝐝𝟐 + 𝒚𝟐 ) − 𝒍𝒏 𝒚] =  𝒌 𝛌 
𝟐𝒅+ √𝟒𝐝𝟐+ 𝒚𝟐 

𝒚
    

    

    2)a) Let’s calculate E where M is on the mediating plane of the wire AB 

      We have α1 = α2 =  α   

     E = 
2𝑘 λ  

𝑦
𝑠𝑖𝑛 (

2α  

2
) =  

2𝑘 λ  

𝑦
sin α =  

2𝑘 λ  

𝑦
 (
𝑑

𝑟
) 

     E= 
𝟐𝒌 𝛌 𝐝 

𝒚√𝐲𝟐+ 𝒅𝟐  
  

 
                                     

    2)b) We now deduce V where M is on the mediating plane of the wire AB 

     dV = 
𝑘 𝑑𝑞

𝑟
= 

𝑘 λ  dℓ 

(ℓ2+ 𝑦2 )

1
2

 

 

     ⇒ V = ∫𝑑𝑉 =  𝑘 λ∫
  dℓ 

(ℓ2+ 𝑦2 )

1
2

𝑑

−𝑑
=   |𝑘 λ  ln(ℓ +√ℓ

2
+ 𝑦2 )|

−𝑑

𝑑

 

 

      V = 𝒌 𝛌 𝐥𝐧 (
𝒅+√𝐝𝟐+ 𝒚𝟐  

−𝒅+√𝐝𝟐+ 𝒚𝟐 
)   



 

 

       3)b) Deduce the field E when the wire AB is of infinite length 

       When the wire AB is of infinite length that mean that α1 = α2 = 
π

2
 

        

      𝐸𝑥 =   
𝑘 λ  

𝑦
 (cos α2 − cos α1)     =   

𝑘 λ  

𝑦
 (cos

π

2
− cos

π

2
) = 0      

    

      𝐸𝑦 =  
𝑘 λ  

𝑦
 (sin α1 + sin α2)  =  

2 𝑘 λ  

𝑦
 sin 

π

2
= 

2 𝑘 λ  

𝑦
 

 

 

         E= 𝑬𝒚 =   
𝟐 𝒌 𝛌  

𝒚
  

 

 

 

              

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

   Exercise 2: 

1) Determination of the field 𝐄𝐌 created by the disk at point M of the axis OX, 

located at a distance x from the center O of the disk: 

For reasons of symmetry with respect to the 

Ox axis, 

the component 𝐸𝑦= 0, consequently the field 

𝐸 will only admit the component 𝐸𝑥 

d𝐸𝑥= dE cos α  

dE = 
𝑘 𝑑𝑞

𝑟2
 = 

𝑘 σ dS 

𝑟2
   

so   d𝐸𝑥= 
𝑘 𝑑𝑞

𝑟2
 cos α       

dS = 𝑀𝑁dℓ = ℓ dθ dℓ   

cos α = 
𝑥

𝑟
= 

𝑥

√ℓ2+ 𝑥2 
  

d𝐸𝑥 =  𝑘 σ 
ℓ dθ dℓ  

ℓ2+ 𝑥2 
 

𝑥

√ℓ2+ 𝑥2 
  = 𝑘 σ x (

ℓ dθ dℓ

(ℓ2+ 𝑥2 )

3
2

) 

 

𝐸𝑥 = 𝑘 σ x ∫ dθ
2𝜋

0
  ∫

ℓ  dℓ

(ℓ2+ 𝑥2 )
3
2

𝑅

0
 = 2𝜋𝑘𝜎𝑥 |

−1

√ℓ2+ 𝑥2 
|
0

𝑅
= 2𝜋𝑘𝜎𝑥 |

−1

√R2+ 𝑥2 
+ 

1

𝑥
|
0

𝑅
 

 

In the end we get:       E =𝑬𝒙 = 2𝝅𝒌𝝈 (𝟏 −
𝒙 

√𝐑𝟐+ 𝒙𝟐 
)  

 

1)b) Calculate the potential V created at a point M 

dV = 
𝑘 𝑑𝑞

𝑟
= 

𝑘 σ dS 

𝑟
= 

𝑘 σ ℓ dθ dℓ   

√ℓ2+ 𝑥2 
 = 𝑘 σ ∫ dθ

2𝜋
0

  ∫
ℓ  dℓ

√ℓ2+ 𝑥2 

𝑅

0
 = 2𝜋 𝑘 σ |√ℓ2 + 𝑥2 |

0

𝑅
 

      

                                 V = 𝟐𝝅 𝒌 𝛔 (√𝐑𝟐 + 𝒙𝟐  − 𝒙)  

 

2) Deduce the field E when the radius R tends toward infinity  

When R → ∞ ⇒ E = 2𝜋 𝑘 σ (1 − 
𝑥

√R2+ 𝑥2  

) = 2𝜋 𝑘 σ (1 − 0) =  2𝜋 𝑘 σ  

                                  E= 𝟐𝝅 𝒌 𝛔  

It is the field of an infinite plane uniformly charged at a surface density σ ˃ 0 

 



 

Exercise 3: 

1)a) The electrostatic potential V created in M by the 2 charges 

V(M) = V(+q) + V(-q) = 
𝑘(+𝑞)

𝑟
+
𝑘(−𝑞)

𝑟
 

V(M)= 𝑘𝑞
(𝑟2 −𝑟1 ) 

𝑟1 𝑟2 
 

  We have a≪r  ⇒ 𝑟1 + 𝑟2 ≈ 2𝑟 𝑎𝑛𝑑 𝑟1 𝑟2 ≈ 𝑟
2 

   And 𝑟2 − 𝑟1 = 𝑎 cos 𝛼 

 

      A≪r  ⇒  𝛼 ≈  𝜃 so (𝑟2 − 𝑟1 ) = 𝑎 𝑐𝑜𝑠 𝜃 

       

       V(M) = V(r, 𝜃) =  
kqacos θ

r2
 = 

kPcos θ

r2
 

         V(M) = 
𝐤𝐏𝐜𝐨𝐬 𝛉

𝐫𝟐
 

 

 
     1)b) Electric field of the dipole  

      Since V depends only on r and 𝜃 ,we will use polar coordinates to calculate the     

     components of the electric field  

     Let the polar reference frame be with center O and base vectors (𝑈⃗ 𝑟,𝑈⃗ 𝜃) 

 

      𝐸⃗  =  𝐸𝑟 𝑈⃗⃗ 𝑟 + 𝐸𝜃 𝑈⃗⃗ 𝜃 

 

       And we have 𝐸⃗ (𝑀) =  −𝑔𝑟𝑎𝑑⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  (𝑉) 
 

       𝑔𝑟𝑎𝑑⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗    𝑖𝑛 𝑝𝑜𝑙𝑎𝑟 𝑐𝑜𝑜𝑟𝑑𝑖𝑛𝑎𝑡𝑒𝑠 𝑖𝑠 (
𝜕

𝜕𝑟
1

𝑟
.
𝜕

𝜕𝜃

) 

 

      {
Er = −

𝜕𝑉

𝜕𝑟
=   

2kPcos θ

r3
 

𝐸𝜃 = −
1

𝑟
.
𝜕𝑉

𝜕𝜃
= 

kPsin θ

r3

 

 

      The magnitude of the electric field is: 

 

     E = √Er
2 + 𝐸𝜃 

2 

 

 

      E = 
𝐤𝐏

𝐫𝟑
√𝟑𝒄𝒐𝒔𝟐𝜽 + 𝟏          

 

 

 



  

3) Equations of equipotential surfaces: 

From the potential equation found previously, we can deduce the equation of 

equipotential surfaces: 

 

V(M) = Cte = 𝑉0 = 
kqacos θ

r2
  ⇒ r2 = 

kqacos θ

𝑉0
  = 

kpcos θ

𝑉0
   

 

       r2 = 
kpcos θ

𝑉0
   

 

      Each value of 𝑉0 corresponds to an equipotential surface located at distance r from O. 

 

 

 

                                 

        

 

equipotential 

Field lines  


