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What is Electromagnetism 

▪Electromagnetism covers electrostatic and magnetism. 

▪ Electromagnetism is a branch of physics involving the 

study of electromagnetism force, a type of physical 

interaction that occurs between electrically charged particles. 



Electric charge 
•▪ The Greeks first noticed electric 
charged by rubbing amber with fur, then 
picking up bits of matter. The Greek word 
for amber is elektron. 
•▪ Benjamin Franklin arbitrarily called 
the two kinds of charge positive and 
negative. In most cases, only the negative 
charge is mobile. 



Methods of charging 
The process of supplying the electric charge (electrons) 
to an object or losing the electric charge (electrons) 
from an object is called charging. 
An uncharged object can be charged in different ways: 
❖Charging by friction 
❖Charging by conduction 
❖Charging by induction 
   



Charging by friction 
When insulators are rubbed together, one 
gives up electrons and becomes positively 
charged, while the other gains electrons and 
becomes negatively charged. 

Common examples of charging by friction: 
A. • Plastic food wrap that sticks to a container 

B. • Laundry from the dryer that clings 



Charging by conduction 
- The process of charging the uncharged object by bringing it in contact 
with another charged object is called charging by conduction.
- A charged object has unequal number of negative (electrons) and positive 
charges (protons). Hence, when a charged object is brought in contact with 
uncharged conductor, the electrons get transferred from charged object to 
the conductor. 
-Consider an uncharged metal rod A kept on an insulating stand and a 
negatively charged conductor B as shown in below figure 1. 



Charge by induction 
- The process of charging the uncharged object by bringing another charged 

object near to it, without touching it, is called charging by induction.

- Consider an uncharged metal sphere and negatively charged plastic rod as 

shown in below figure (1). If, we bring the negatively charged plastic rod 

near to uncharged sphere as shown in below figure 2, charge separation 

occurs. 



Properties of charge 
▪ It exists two kinds of charges in nature: 

➢ Positive charge 

➢ Negative charge 

Benjamin Franklin (1706–1790) 

▪ The negative charge is identified as electron.

▪ The positive charge is identified as proton.

• Like charges repel, and unlike charges attract (see, figure). 



Neutral, uncharged matter contains as many positive charges (protons 

within atomic nuclei) as negative charges (electrons). 

- The electric charge q is said to be quantized 

q = ne, 
where n is some integer, e is the electron charge. total charge = integer 

x fundamental unit of charge 



Materials 

Electrical 
conductors: 

Semiconductors Electrical 
insulators: 

Materials in which 
some of the electrons 
are free electrons that 
are not bound to 
atoms and can move 
relatively freely 
through the material 
(copper, aluminum, 
silver). 

Materials in which 
their electrical 
properties are 
somewhere between 
those of insulators 
and those of 
conductors (Silicon, 
germanium) 

Materials in which all 
electrons are bound to 
atoms and cannot 
move freely through 
the material (Glass, 
rubber, wood). 



Coulomb’s Law 
Properties of the electric force between two stationary charged particles, 

Charles Coulomb (1736–1806) 

• Inversely proportional to the square of the separation r between the 

particles and directed along the line joining them 

• Proportional to the product of the charges q1 and q2 on the two particles 

• Attractive if the charges are of opposite sign and repulsive if the charges 

have the same sign 

• A conservative force 



• 𝑞! is the charge on the first object

• 𝑞" is the charge on the second object 

• r is the separation between the two objects 

• 𝑘# = !
$%&!

, Coulomb constant

• 𝑘# = 8.9875 × 109 𝑁. '
"

("("

• 𝜀) = 8.8542 × 1012 𝐶"/𝑁.𝑚"

• 𝜀) = Vacuum permittivity/ Permittivity of free 

space 

𝐹! = 𝐾!
𝑞"𝑞#
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Example 1 
▪The electron and proton of a hydrogen atom are separated 
(on the average) by approximately 5.3	×10*!!	𝑚.	
Find the magnitude of the electric force. 





• Force is a vector quantity
•The law expressed in vector form for the 
electric force exerted by a charge q1 on a 
second charge q2, written 𝐹!", is 

 

• where 𝑟̂( 𝑢𝑟 ) is a unit vector directed from q1 toward q2, as shown in Figure (a)
• The electric force exerted by q2 on q1 is equal in magnitude to the force exerted by 

q1 on q2 and in the opposite direction; that is, 

𝐹!" = −𝐹"!



- The law of superposition allows Coulomb's law to be extended to include any number of 
point charges. The force acting on a point charge due to a system of point charges is simply 
the vector addition of the individual forces acting alone on that point charge due to each 
one of the charges. The resulting force vector is parallel to the electric field vector at that 
point, with that point charge removed. 
- The force F on a small charge q at position r, due to a system of N discrete charges in 
vacuum is: 

where 𝑞' and 𝑟' are the magnitude and position of the i-th chargerespectively, #𝑅'
is a unit vector in the direction of 𝑅' = 𝑟 − 𝑟'
(a vector pointing from charges qi to q). 

System of discrete charge 



▪ Consider three-point charges located at the corners of 
a right triangle as shown in the figure, 
where 𝑞( = 𝑞) = 5.0𝜇𝐶 , 𝑞* = −2.0 𝜇𝐶, and a=0.10 m. 
Find the resultant force exerted on q3 
















