
Lecture5                                                                                Electromagnetic 

Coulomb’s Law 
There is a force between two charges which is directly 

proportional to the charge magnitude and inversely proportional 

to the square of the separation distance. This is coulomb’s law, 

which was developed from work with small charged bodies and 

delicate torsion balance. In vector form, it is stated thus: 

𝐹 =
𝑄1𝑄2

4𝜋𝜀𝑟2 𝑎12        ;
𝑟

|𝑟|
  

The force is in newton (N), the distance is in meter (m), and the 

(derived) unit of charge is in coulomb (C). 𝜀 is the permittivity 

of the medium, with the units (C2/N.m) or equivalently, farad per 

meter (F/m). For free space in vacuum: 

𝜀 = 𝜀0 = 8.854 ×
10−12𝐹

𝑚
≈

10−9

36𝜋
 𝐹/𝑚 

For media other than free space 𝜀 = 𝜀0𝜀𝑟 where 𝜀𝑟 is relative 

permittivity or dielectric constant.   

 

Problems: 
1. Find the force  𝑄1 = 20 𝜇𝑐 due to charge 𝑄2 = −300 𝜇𝑐 

where Q1 at (0,1,2) m and Q2 at (2,0,0) m? 

 𝑟 = −2𝑎𝑥 + 𝑎𝑦 + 2𝑎𝑧 

|𝑟| = √(𝑥2 − 𝑥1)2 + (𝑦2 − 𝑦1)2 + (𝑍2 − 𝑍1)2 

 

|𝑟| = 3 

𝐹⃗ =
(20 × 10−6)(−300 × 10−6)

4𝜋 (
10−9

36𝜋
) . 9

∙
−2𝑎𝑥 + 𝑎𝑦 + 2𝑎𝑧

3
 

 𝐹⃗ = 6 (
2𝑎𝑥−𝑎𝑦−2𝑎𝑧

3
) 

𝐹⃗ = 4𝑎𝑥 − 2𝑎𝑦 − 4𝑎𝑧   𝑁 
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The magnitude is 6 N and the direction is such as Q1 attracted to Q2 

(unlike charged attract). 

*************************************************** 

2.Two point charges, 𝑄1 = 50 𝜇𝑐 and 𝑄2 = 10 𝜇𝑐 located at (-1,1,-

3)m and (3,1,0)m ,respectively, Find the force 𝑄1? 

𝑅⃗⃗21 = −4𝑎𝑥 − 3𝑎𝑧 

𝑎21 =
−4𝑎𝑥 − 3𝑎𝑧

5
 

𝐹𝑡
⃗⃗⃗⃗ =

𝑄1𝑄2

4𝜋𝜀0𝑅21
𝑎21 

=
(50 × 10−6)(10−5)

4𝜋 (
10−9

36𝜋
) (5)2

 ∙
−4𝑎𝑥 − 3𝑎𝑧

5
 

= (0.18)(−0.8𝑎𝑥 − 0.6𝑎𝑦)𝑁 

 

*************************************************** 

3.Find The force on a 100 𝜇𝑐 charge at 

(0,0,3) m, if four like charges of 20 𝜇𝑐 are 

located on X and Y axes at ±4m?H.W 

 

4.Point charge 𝑄1 = 300 𝜇𝑐 located at  

(1,-1,-3)m experiences a force 𝐹 = 8 𝑎𝑥 −

8𝑎𝑦 + 4𝑎𝑧   𝑁 due to point charge 𝑄2 at 

(3,-3,-2)m, Determine 𝑄2? 

𝑅⃗⃗21 = −2𝑎𝑥 + 2𝑎𝑦 − 𝑎𝑧 

𝐹𝑡
⃗⃗⃗⃗ =

𝑄1𝑄2

4𝜋𝜀0𝑅21
𝑎21 
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8 𝑎𝑥 − 8𝑎𝑦 + 4𝑎𝑧 =
(300 × 10−6)𝑄2

4𝜋 (
10−9

36𝜋
) (3)2

∙
−2𝑎𝑥 + 2𝑎𝑦 − 𝑎𝑧

3
 

𝑄2 = −40 𝜇𝑐 

 

***************************************************** 

Electric Field intensity (𝑬⃗⃗⃗): 

The electric field intensity E due to Q is defined to be the force for 

unit charge on Qt: 

𝐸⃗⃗ =
𝐹𝑡
⃗⃗⃗⃗

𝑄𝑡
 

For Q at the origin point of spherical coordinate system, the electric 

field at an arbitrary point P is figure (a): 

𝐸⃗⃗ =
𝑄

4𝜋𝜀0𝑟2
𝑎𝑟 

 

 

 

In an arbitrary Cartesian coordinate system figure (b): 

𝐸⃗⃗ =
𝑄

4𝜋𝜀0𝑅2
𝑎𝑅 

(b) Spherical (a) Cartesian 
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The unit of E is newton per coulomb (N/C) or equivalent volts per 

meter (V/m). 

Example: Find (E) at (0,3,4) m in Cartesian coordinate due to a point 

charge 𝑄 = 0.5 𝜇𝑐 at the origin point. 

In the case  

𝑅⃗⃗ = 3𝑎𝑦 + 4𝑎𝑧       𝑅 = 5          𝑎𝑅 = 0.6 𝑎𝑦 +  0.8 𝑎𝑧      

𝐸⃗⃗ =
0.5 × 10−6

4𝜋((
10−9

36𝜋 ) (5)2

0.6 𝑎𝑦 +  0.8 𝑎𝑧    

|𝐸| = 180
𝑉

𝑚
   in the direction   0.6 𝑎𝑦 +  0.8 𝑎𝑧 

****************************************** 

Example: Find (E) at the origin point due to a point charge of 64.4C 

located at (-4,3,2) m in Cartesian coordinate. 

|𝑅| = √29 

 𝑅⃗⃗ = 4𝑎𝑥 − 3𝑎𝑦 − 2𝑎𝑧 

𝐸⃗⃗ =
64.4 × 10−9

4𝜋((
10−9

36𝜋 ) (29)
∙

4𝑎𝑦 − 3𝑎𝑦 − 2𝑎𝑧

√29
 

𝐸⃗⃗ = (20.0)
4𝑎𝑦 − 3𝑎𝑦 − 2𝑎𝑧

√29
     𝑉/ 

***************************************** 

Example: Find (E) at (0,0,5) m due to 𝑄1 = 0.35 𝜇𝑐 at (0,4,0)m and 

𝑄2 = −0.55 𝜇𝑐 at (3,0,0)m as shown in figure? 

𝑅⃗⃗1 = −4𝑎𝑦 + 5𝑎𝑧 

𝑅⃗⃗2 = −3𝑎𝑥 + 5𝑎𝑧 
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𝐸⃗⃗1 =
0.35 × 10−6

4𝜋((
10−9

36𝜋 ) (41)
∙

−4𝑎𝑦 + 5𝑎𝑧

√41
 

𝐸⃗⃗1 = −48𝑎𝑦 + 60𝑎𝑧  𝑉/𝑚 

𝐸⃗⃗2 =
−0.55 × 10−6

4𝜋((
10−9

36𝜋
) (34)

∙
−3𝑎𝑥 + 5𝑎𝑧

√34
 

𝐸⃗⃗1 = 74.9𝑎𝑥 + 124.9𝑎𝑧  𝑉/𝑚 

𝐸⃗⃗𝑡 = 74.9𝑎𝑥 − 48𝑎𝑦 − 64.9𝑎𝑧   𝑉/𝑚 

********************************************** 

Example.Find the expression for the electric field at point P due to 

point charge Q at (x1,y1,z1). Repeat with the charge placed at 

origin?H.W 

 


