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Tutorial n°1: Electrostatics 

Part-I: Discrete charge distribution 
 

Exercise 1 

I. Calculate the electrostatic field (E) and the electrostatic potential (V) produced by an electric 

charge 𝑞 = 6 × 10−10𝐶  in point M at a distance d = 3 cm.  

II. In a Cartesian reference frame, two electrical charges 𝑞𝐴 = 3 × 10
−7𝐶  and  𝑞𝐵 = −10−7𝐶  are 

placed respectively in points 𝐴 (1, 0, 2) and 𝐵 (3, −2, 4): (𝑚). Determine the components of the 

electrostatic force and calculate its magnitude.  

We give: 𝑘 =  9 × 109 𝑁. 𝑚2. 𝐶−2  

 

Exercise 2 

We consider three identical punctual charges 𝑞𝐴 = −𝑞, 𝑞𝐵 = +𝑞 𝑎𝑛𝑑 𝑞𝐶 = +𝑞  placed at the tops 

of a triangle, in 𝐴 (−𝑅, 0), 𝐵 (𝑅, 0) and  𝐶 (0, 𝑅), respectively. 

1- Give the expression of the electric field 𝐸𝑂⃗⃗ ⃗⃗   at point O, and 

calculate its value. 

2- Give the expression of electric potential 𝑉𝑂 at point O, and 

calculate its value. 

3- Calculate the electrostatic force acting on the charge 𝑞𝑂 =

𝑞/2 placed in O. 

4- Calculate the potential energy of the charge 𝑞𝑂. 

We give: 𝑘 =  9 × 109 𝑁. 𝑚2. 𝐶−2 ;  𝑞 = 2 × 10−9𝐶 ; 𝑅 = 3 𝑐𝑚. 

 

Exercise 3  

We place four electric charges 𝑞𝐴, 𝑞𝐵 ,  𝑞𝐶  and  𝑞𝐷 at the tops ABCD 

of a square, with side 𝑎 and center 𝑂, origin of an orthonormal base 

(𝑂, 𝑖 , 𝑗 ).     

1- Give the expression of the electric field 𝐸𝑂⃗⃗ ⃗⃗   at point 𝑂. 

2- Give the expression of electric potential 𝑉𝑂 at point 𝑂.  

We give: 𝑞𝐴 = 𝑞, 𝑞𝐵 = −2𝑞,  𝑞𝐶 = 2𝑞 𝑒𝑡  𝑞𝐷 = −𝑞. 

 

Exercise 4 (Electric Flux) 

Consider a point charge +𝒒 placed at point O on the OX axis. A circular disk of radius 𝑹 is placed 

perpendicular to the OX axis at a distance 𝒙 from point O. 

Calculate the electrostatic flux 𝝋 of the electric field created by the charge 𝒒 through the surface 

of the disk.  

We give:  ∫
𝑥 𝑑𝑥

√𝑥2+𝑦2
3 =

−1

√𝑥2+𝑦2
 



 
 

Exercise 5  (Electric dipole) 

An electric dipole consists of two-point charges of equal magnitude and opposite signs: (𝑞𝐴 =

−𝑞) and (𝑞𝐵 = +𝑞) separated by a small distance 𝒂. The dipole moment is defined by: 𝑃⃗ = 𝑞 𝐴𝐵⃗⃗⃗⃗  ⃗. 

1- Determine the electric potential 𝑉𝑀 created by the dipole at the 

point 𝑀, distant 𝑟 from its center O, where (𝑟 ≫ 𝑎). 

2- Deduce the components 𝐸𝑟 and 𝐸𝜃 of the electric field 𝐸 at the 

point 𝑀, and its module ‖𝐸⃗ ‖ in the polar coordinate system. 

3- For the following values of 𝜃: (𝜋,
𝜋

2
), deduce the corresponding 

components 𝐸𝑟 and 𝐸𝜃. 

4- We now assume that the dipole is subject to a uniform external 

field 𝐸𝑒𝑥𝑡⃗⃗⃗⃗ ⃗⃗⃗⃗ .  

a. Give the expression of the electrostatic moment 𝐿⃗   

b. Determine the potential energy of the dipole 𝐸𝑝. 

5- Graphically represent the electric field lines and equipotential 

surfaces of an electric dipole. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Exo- 1 

 1) The electric field and electric potential at M 

{
𝑬 =

𝑘|𝑞|

𝑑2
= 𝟔. 𝟏𝟎𝟑 𝑽/𝒎 

𝑽 =
𝑘𝑞

𝑑
= 𝟏𝟖𝟎 𝑽             

 

2) The electrostatic force exerted between 𝒒𝑨 & 𝒒𝑩  

We have:  

𝐹𝑒⃗⃗  ⃗ =
𝑘 |𝑞𝐴𝑞𝐵|

𝑟3
 𝑟  

where: {
𝑟 = 𝐴𝐵⃗⃗⃗⃗  ⃗ = 2𝑖 − 2𝑗 + 2𝑘⃗ 

𝑟 = 2√3                           
 

⇒ 𝑭𝒆⃗⃗ ⃗⃗ = [−
𝟑√𝟑

𝟒
 𝒊 +

𝟑√𝟑

𝟒
 𝒋 −

𝟑√𝟑

𝟒
 𝒌⃗⃗ ] × 𝟏𝟎−𝟓 

  Magnitude : 𝑭𝒆 = 
𝟗

𝟒
× 𝟏𝟎−𝟓  𝑵 

 

Exo- 2 

 1) The electric field 𝑬𝑶⃗⃗⃗⃗  ⃗ 

     According to the principle of superposition: 

𝐸𝑂⃗⃗ ⃗⃗  =∑𝐸𝑖⃗⃗  ⃗

3

𝑖=1

= 𝐸𝐴⃗⃗⃗⃗ + 𝐸𝐵⃗⃗ ⃗⃗  + 𝐸𝐶⃗⃗ ⃗⃗  

 

{

𝐸𝐴⃗⃗⃗⃗ = − |𝐸𝐴|𝑖 

𝐸𝐵⃗⃗ ⃗⃗  = − |𝐸𝐵|𝑖 

𝐸𝐶⃗⃗ ⃗⃗ = − |𝐸𝐶|𝑖 

  ⇒

{
  
 

  
 𝐸𝐴⃗⃗⃗⃗ = − |

𝑘𝑞𝐴
𝑟𝐴
2 | 𝑖 

𝐸𝐵⃗⃗ ⃗⃗  = − |
𝑘𝑞𝐵
𝑟𝐵
2 | 𝑖 

𝐸𝐶⃗⃗ ⃗⃗ = − |
𝑘𝑞𝐶
𝑟𝐶
2 | 𝑗 

  

⇒

{
 
 

 
 𝐸𝐴⃗⃗⃗⃗ = − 

𝑘𝑞

𝑅2
𝑖 

𝐸𝐵⃗⃗ ⃗⃗  = − 
𝑘𝑞

𝑅2
𝑖 

𝐸𝐶⃗⃗ ⃗⃗ = − 
𝑘𝑞

𝑅2
𝑗 

 ⇒ 𝑬𝑶⃗⃗⃗⃗  ⃗ = −
𝒌𝒒

𝑹𝟐
(𝟐 𝒊 + 𝒋 ) 

Magnitude :  ‖𝐸𝑂⃗⃗ ⃗⃗  ‖ = −
𝑘𝑞

𝑅2
√22 + 12 

⇒ 𝑬𝑶 =
√𝟓 𝒌𝒒

𝑹𝟐
 

N.A: 𝑬𝑶 = 𝟐√𝟓 . 𝟏𝟎𝟒 𝑽/𝒎 
 

2) The electric potential 𝑽𝑶 

According to the principle of superposition: 

𝑉𝑂 =∑𝑉𝑖

3

𝑖=1

= 𝑉𝐴 + 𝑉𝐵 + 𝑉𝐶 

𝑉𝑂 =
𝑘𝑞𝐴
𝑟𝐴

+
𝑘𝑞𝐵
𝑟𝐵

+
𝑘𝑞𝐶
𝑟𝐶

⇒ 𝑉𝑂 = −
𝑘𝑞

𝑅
+
𝑘𝑞

𝑅
+
𝑘𝑞

𝑅
 

⇒ 𝑽𝑶 =
𝒌𝒒

𝑹
 

N.A: 𝑽𝑶 = 𝟔 . 𝟏𝟎
𝟐 𝑽 

 

3) The electrostatic force 𝑭𝑶 

𝐹𝑂⃗⃗⃗⃗ = 𝑞𝑂 . 𝐸𝑂⃗⃗ ⃗⃗    ⇒ 𝐹𝑂 = 𝑞𝑂 . 𝐸𝑂  ⇒ 𝑭𝑶 =
√𝟓 𝒌𝒒𝟐

𝟐𝑹𝟐
 

N.A: 𝑭𝑶 = 𝟐√𝟓 . 𝟏𝟎−𝟓 𝑵 
 

4) The potential energy 𝑬𝒑 

𝐸𝑃 = 𝑞𝑂 . 𝑉𝑂   

 

⇒ 𝑬𝑷 =
 𝒌𝒒𝟐

𝟐𝑹
 

N.A: 𝑬𝑷 = 𝟔 . 𝟏𝟎−𝟕 𝑱 
 

 

Exo- 3 

1) The electric field 𝑬𝑶⃗⃗⃗⃗  ⃗ 

According to the principle of superposition: 

𝐸𝑂⃗⃗ ⃗⃗  =∑𝐸𝑖⃗⃗  ⃗

4

𝑖=1

= 𝐸𝐴⃗⃗⃗⃗ + 𝐸𝐵⃗⃗ ⃗⃗  + 𝐸𝐶⃗⃗ ⃗⃗ + 𝐸𝐷⃗⃗ ⃗⃗   

 

and ∶  𝐸𝑖⃗⃗  ⃗ =  |𝐸𝑖| 𝑢𝑖⃗⃗  ⃗ ⇒  𝐸𝑖⃗⃗  ⃗ =  |
𝑘𝑞𝑖
𝑟𝑖
2 | 𝑢𝑖⃗⃗  ⃗ 

{
 
 

 
 𝐸𝐴
⃗⃗⃗⃗ =  |𝐸𝐴|𝑢𝐴⃗⃗⃗⃗ 

𝐸𝐵⃗⃗ ⃗⃗  =  |𝐸𝐵|𝑢𝐵⃗⃗ ⃗⃗  

𝐸𝐶⃗⃗ ⃗⃗ =  |𝐸𝐶|𝑢𝐶⃗⃗ ⃗⃗  

𝐸𝐷⃗⃗ ⃗⃗  =  |𝐸𝐷|𝑢𝐷⃗⃗⃗⃗  ⃗

  ⇒

{
 
 
 
 

 
 
 
 𝐸𝐴⃗⃗⃗⃗ =  |

𝑘𝑞𝐴
𝑟𝐴
2 | 𝑢𝐴⃗⃗⃗⃗ 

𝐸𝐵⃗⃗ ⃗⃗  =  |
𝑘𝑞𝐵
𝑟𝐵
2 | 𝑢𝐵⃗⃗ ⃗⃗  

𝐸𝐶⃗⃗ ⃗⃗ =  |
𝑘𝑞𝐶
𝑟𝐶
2 | 𝑢𝐶⃗⃗ ⃗⃗  

𝐸𝐷⃗⃗ ⃗⃗  =  |
𝑘𝑞𝐷
𝑟𝐷
2 | 𝑢𝐷⃗⃗⃗⃗  ⃗

  

Solution of Tutorial n°1 

 
 

(1) 



 

 

➢ For the distances between the charges and O: 

𝑟𝐴 = 𝑟𝐵 = 𝑟𝐶 = 𝑟𝐷 = 𝒓 = 
√𝟐

𝟐
𝒂 ; 𝒓𝟐 = 

𝒂

𝟐
 

➢ For unit vectors: 

We have: 𝑢⃗ = cos 𝛼 𝑖 + cos 𝛽 𝑗 + cos 𝛾  𝑘⃗  

{
 

 
𝑢𝐴⃗⃗⃗⃗ =  cos 45° 𝑖 − cos45° 𝑗     

𝑢𝐵⃗⃗ ⃗⃗  =  cos 45° 𝑖 + cos45° 𝑗     

𝑢𝐶⃗⃗ ⃗⃗ =  −cos45° 𝑖 + cos45° 𝑗 

𝑢𝐷⃗⃗ ⃗⃗  = − cos45° 𝑖 − cos 45° 𝑗 

{
 
 
 
 

 
 
 
 𝑢𝐴⃗⃗⃗⃗ =  

√2

2
 (𝑖 − 𝑗 )

𝑢𝐵⃗⃗ ⃗⃗  =  
√2

2
 (𝑖 + 𝑗 )

𝑢𝐶⃗⃗ ⃗⃗ =  
√2

2
 (−𝑖 + 𝑗 )

𝑢𝐷⃗⃗ ⃗⃗  =
√2

2
 (−𝑖 − 𝑗 )

 

⇒

{
 
 
 

 
 
 𝐸𝐴⃗⃗⃗⃗ =  

2𝑘𝑞

𝑎2
𝑢𝐴⃗⃗⃗⃗ 

𝐸𝐵⃗⃗ ⃗⃗  =  
4𝑘𝑞

𝑎2
𝑢𝐵⃗⃗ ⃗⃗  

𝐸𝐶⃗⃗ ⃗⃗ =  
4𝑘𝑞

𝑎2
𝑢𝐶⃗⃗ ⃗⃗  

𝐸𝐷⃗⃗ ⃗⃗  =
2𝑘𝑞

𝑎2
 𝑢𝐷⃗⃗⃗⃗  ⃗

⇒

{
 
 
 

 
 
 𝐸𝐴⃗⃗⃗⃗ =  √2 

𝑘𝑞

𝑎2
(𝑖 − 𝑗 )      

𝐸𝐵⃗⃗ ⃗⃗  = 2√2 
𝑘𝑞

𝑎2
 (𝑖 + 𝑗 )   

𝐸𝐶⃗⃗ ⃗⃗ =  2√2
𝑘𝑞

𝑎2
 (−𝑖 + 𝑗 )

𝐸𝐷⃗⃗ ⃗⃗  = √2
𝑘𝑞

𝑎2
 (−𝑖 − 𝑗 )

 

we calcul 𝑬𝑶⃗⃗⃗⃗  ⃗ 

 ⇒ 𝐸𝑂⃗⃗ ⃗⃗  = √2 
𝑘𝑞

𝑎2
( 𝑖 − 𝑗 + 2𝑖 + 2𝑗 − 2𝑖 + 2𝑗 − 𝑖 − 𝑗 ) 

⇒ 𝑬𝑶⃗⃗⃗⃗  ⃗ = 𝟐√𝟐 
𝒌𝒒

𝒂𝟐
 𝒋   

 2) The electric potential 𝑽𝑶 

According to the principle of superposition: 

𝑉𝑂 =∑𝑉𝑖

4

𝑖=1

= 𝑉𝐴 + 𝑉𝐵 + 𝑉𝐶 + 𝑉𝐷 

𝑉𝑂 =
𝑘𝑞𝐴
𝑟𝐴

+
𝑘𝑞𝐵
𝑟𝐵

+
𝑘𝑞𝐶
𝑟𝐶

+
𝑘𝑞𝐷
𝑟𝐷

 

⇒ 𝑽𝑶 =
𝒌𝒒

𝒓
−
𝟐𝒌𝒒

𝒓
+
𝟐𝒌𝒒

𝒓
−
𝒌𝒒

𝒓
= 𝟎 𝑽 

 

Exo- 4 

1) The electrostatic flux 𝝋 

 

We have: 

𝒅𝝋 = 𝑬⃗⃗ . 𝒅𝑺⃗⃗⃗⃗  ⃗ = 𝑬 𝒅𝑺 𝒄𝒐𝒔 𝜶 

 

Knowing that: 

𝐸 =
𝑘𝑞

𝑑2
    𝑎𝑛𝑑   𝑑𝑆 = 2𝜋 𝑟 𝑑𝑟 

𝑑2 = 𝑟2 + 𝑥2    𝑎𝑛𝑑   𝑐𝑜𝑠 𝛼 =
𝑥

𝑑
 

𝜑 =
𝑞 𝑥

2 𝜀0
 ∫

𝑟 𝑑𝑟

√(𝑟2 + 𝑥2)3

𝑅

0

 

𝝋 =
𝒒 

𝟐 𝜺𝟎
 (𝟏 −

𝒙

√𝑹𝟐 + 𝒙𝟐
) 

 
Exo- 5 

1-The electric potential 𝑽𝑴 created by the dipole 

 

The electric potential 𝑉 created by two charges 𝑞𝐴 and 

𝑞𝐵 at point 𝑀 is given by principle of superposition: 

  𝑉𝑀 = 𝑉𝐴 + 𝑉𝐵    

𝑉𝑀 =
𝑘𝑞𝐴
𝑟1

+
𝑘𝑞𝐵
𝑟2

 

𝑉𝑀 = −
𝑘𝑞

𝑟1
+
𝑘𝑞

𝑟2
= 𝑘𝑞 (

1

𝑟2
−
1

𝑟1
) 

𝑉𝑀 = 𝑘𝑞 (
𝑟1 − 𝑟2
𝑟1

) 

As long as 𝑟 ≫ 𝑎,  

we can consider:  {

𝑟1𝑟2 = 𝑟2             
𝑟1 − 𝑟2 = 𝑎 cos 𝜃

𝑃⃗ = 𝑞 𝑎                  

     

⇒ 𝑽𝑴 =
𝒌 𝑷 𝐜𝐨𝐬𝜽

𝒓𝟐
 

 

2- The electric field 𝑬𝑴 created by the dipole 

 

We use the relation: 𝐸⃗ = −𝑔𝑟𝑎𝑑⃗⃗⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗   𝑉 in the polar coordinate 

system: 

{
 
 

 
 𝐸𝑟 = −

𝜕𝑉

𝜕𝑟
 =   

𝟐𝒌 𝑷 𝐜𝐨𝐬𝜽

𝒓𝟑

𝐸𝜃 = −
1

𝑟
 
𝜕𝑉

𝜕𝜃
=
𝒌 𝑷 𝐬𝐢𝐧𝜽

𝒓𝟑 

 

Magnitude 𝐸𝑀 = √𝐸𝑟
2 + 𝐸𝜃

2
 

𝑬𝑴 =
𝒌 𝑷

𝒓𝟑
√𝟏 + 𝟑 𝐜𝐨𝐬𝟐 𝜽 

3-Particular cases 

𝒊𝒇 ∶  𝜃 = 0 ⇒ {
𝐸𝑟 =  

2𝑘 𝑃

𝑟3
  

𝐸𝜃 = 0        
 

  

𝒊𝒇: 𝜃 =
𝜋

2
⇒ {

𝐸𝑟 =   0      

𝐸𝜃 =
𝑘 𝑃

𝑟3
 

 

 

4- Electric dipole in an external electric field 𝑬𝒆𝒙𝒕⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗   

a- The electrostatic moment 𝑳⃗⃗  

 

 

 
(2) 



 
 

When we place an electric dipole in an external field 

𝐸𝑒𝑥𝑡⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ , the dipole is subjected to electrostatic forces 

applied to its charges. These forces (equal and opposite) 

cause a couple moment 𝐿 ⃗⃗⃗   defined by:  

𝐿⃗ = 𝑃⃗  ∧  𝐸𝑒𝑥𝑡⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  

𝐿 =  𝑃 𝐸𝑒𝑥𝑡 sin𝛼  

 

 

 

 

 

 

 

 

 

 

 

b- Potential energy 𝑬𝒑 of an electric dipole located 

in an external field 

 

we have: 𝐸𝑝 = 𝑞 𝑉   ⇒   𝑑𝐸𝑝 = 𝑞 𝑑𝑉 ⇒     𝑑𝐸𝑝 =

 𝑞 (−𝐸𝑒𝑥𝑡⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  .  𝑑𝑙⃗⃗ ⃗⃗  )   ⇒ 𝐸𝑝 = − 𝑞𝐸𝑒𝑥𝑡⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  .  𝑎⃗⃗⃗       

 

𝑬𝒑 = − 𝑬𝒆𝒙𝒕⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗   .  𝑷⃗⃗  ⃗ 

Particular cases: 

{
𝑖𝑓 𝛼 = 0    ⇒ 𝐸𝑝 = −𝐸𝑒𝑥𝑡 . 𝑃    ⇒  𝐸𝑝,𝑚𝑖𝑛(𝑠𝑡𝑎𝑏𝑙𝑒)     

𝑖𝑓 𝛼 = 𝜋    ⇒ 𝐸𝑝 = +𝐸𝑒𝑥𝑡 . 𝑃    ⇒  𝐸𝑝,𝑚𝑎𝑥(𝑢𝑛𝑠𝑡𝑎𝑏𝑙𝑒)
 

 

5-Field lines and equipotential surfaces 

 

Equipotentials are closed lines that surround the 

charge and are perpendicular to the field lines.  

 

 
 

 

Figure: The field lines and equipotential lines of an 

electric dipole 

 

(3) 


