
23.4 The Electric Field 

Concept of electric field 

◼ An electric field represents the region around a charged 

object where other charges (around the source charge) 

experience a force due to its influence. 

◼ A charged particle, with charge q, produces an electric field 

in the region of space around it. 

◼ A small test charge q0 is placed near the source charge to 

detect and measure the presence and direction of the electric 

field. 

 

 

Definition of the electric field: 

 

As we discussed in the previous section, the electric force due to point charges can be written as: 
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So, one can re-write the electric force between q and q0 as follows: 

                                      𝐹⃗ = 𝐾𝑒  
𝑞 𝑞0

𝑟2  𝑟̂ 

The electric field can also be derived: 

                                                                  𝐸⃗⃗ =  
𝐹⃗

𝑞0
=  𝐾𝑒  

𝑞 𝑞0

𝑞0𝑟2  𝑟̂ =  𝐾𝑒  
𝑞 

𝑟2  𝑟̂ 

The vector 𝐸⃗⃗ the SI units of (newtons per coulomb) (N/C). 

 



The direction of electric force and electric field: 

Remember:       𝐅⃗ = 𝐪 𝐄⃗⃗ 

 

 

 

 

                                                                

 

Example-1: 

A charge q1= 7 µC is located at the origin and 

second charge q2= - 5 µC is located on the x axis, 

0.30 m from the origin. Find the electric field at 

the point P which has the coordinates (0, 0.40) m.   



 

Solution: 

𝐸⃗⃗ =  𝐸⃗⃗1 +  𝐸⃗⃗2 

1- 𝐸⃗⃗1 =  |𝐸⃗⃗1| 𝑟̂ = 𝐾
𝑞1

𝑟2  𝑟̂ = 9𝑥109 (7𝑥10−6)

(0.4)2  (+𝑗̂) =

3.9 𝑥 105 𝑗̂ 𝑁/𝐶 

2- 𝐸⃗⃗2 =  |𝐸⃗⃗2| 𝑟̂ = 𝐸2𝑥𝑖̂ +  𝐸2𝑦𝑖̂ =  |𝐸⃗⃗2| cos 𝜃  𝑖̂ −  |𝐸⃗⃗2| sin 𝜃 𝑖̂  

𝑟2 = (0.3)2 + (0.4)2 = 0.25                   𝑟 = 0.5 𝑚 

cos 𝜃 =  
0.3

0.5
                sin 𝜃 =  

0.4

0.5
             

             

 |𝐸⃗⃗2| = 𝐾
𝑞2

𝑟2
 = 9𝑥109

(5𝑥10−6)

(0.5)2
 = 1.8 𝑥 105 𝑁/𝐶 

𝐸⃗⃗2 = =  |𝐸⃗⃗2| (cos 𝜃  𝑖̂ −  sin 𝜃 𝑖̂) = 1.8𝑥105 (
0.3

0.5
𝑖̂ −  

0.4

0.5
𝑗̂) 

 

3- 𝐸⃗⃗ =  𝐸⃗⃗1 +  𝐸⃗⃗2 =  3.9 𝑥 105 𝑗̂ + 1.1 𝑥 105 𝑖̂ −

1.44 𝑥 105 𝑗̂ = (1.1 𝑖̂ + 2.44 𝑗̂)𝑥 105  

4- |𝐸⃗⃗|=√𝐸⃗⃗1
2 + 𝐸⃗⃗2

2 = √(1.1𝑥105)2 + (2.44𝑥105)2 =

2.7 𝑥 105𝑁/𝐶 

5- tan ∅ =
𝐸𝑦

𝐸𝑥
=  

2.44 𝑥 105

1.1 𝑥 105 = 2.22 

 

∅ = 𝑡𝑎𝑛−1(2.22) =  65.730 

 



 Example-2: 

In this figure, determine the point where the electric 

field is zero.  

    

Solution: 

 

𝑬⃗⃗⃗𝑷 =  𝑬⃗⃗⃗𝟏 +  𝑬⃗⃗⃗𝟐 

𝑬⃗⃗⃗𝑷 =  𝟎 ===== >  𝑬⃗⃗⃗𝟏 =  𝑬⃗⃗⃗𝟐  

 𝐾 
𝑞1

𝑑2 = 𝐾 
𝑞2

(1+𝑑)2 =====>  𝑞1(1 + 𝑑)2 =  𝑞2𝑑2 

√
𝑞1

𝑞2

(1 + 𝑑) = ± 𝑑 ====> 𝑑 (√
𝑞1

𝑞2
∓ 1) = −√

𝑞1

𝑞2
 

Please consider this step carefully, especially when given q1=q2. 

𝑑 = 1.8 𝑚     𝑓𝑟𝑜𝑚 𝑞1 


