
General Physics II course
Chapter 1 – Electric force and electric field
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General Physics II Electric force and electric field

Outlines :
• Coulomb’s Law

• Electric field due to a point charge

• Electric field of a continuous charge distribution

• Electric field lines

• Motion of a charged particle in a uniform electric field
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General Physics II Electric force and electric field

Coulomb’s law

• There are two kinds of the electric charges in the nature , which are positive and negative charges .

• The charges of opposite sign attract one another and the charges of the same sign repel one another .

• The charge is quantized .

• The charge of an isolated system is conversed , which means that charge cannot be created nor 
destroyed , it can be only transferred from one system to another .
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General Physics II Electric force and electric field

Coulomb’s law

Units of the electric charge :

• 1 milli coulomb ( 𝟏 𝒎𝑪 ) =  𝟏𝟎−𝟑 𝑪

• 1 micro coulomb ( 𝟏 𝝁𝑪 ) =  𝟏𝟎−𝟔 𝑪

• 1 nano coulomb ( 𝟏 𝒏𝑪 ) =  𝟏𝟎−𝟗 𝑪

• 1 pico coulomb ( 𝟏 𝒑𝑪 ) =  𝟏𝟎−𝟏𝟐 𝑪 
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General Physics II Electric force and electric field

Coulomb’s law

• Charles coulomb ( 1736 – 1806 ) measured the magnitude – and direction – of the electric force 
between charged objects .

And he found that :

• The electric force is inversely proportional to the square of the separation r between the particles
                                                                                    𝑭 ∝

𝟏

𝒓𝟐 

• The electric force is – directly - proportional to the product of the of the charges q1 and q2 .
                                                                                 𝑭 ∝ 𝒒𝟏 𝒒𝟐

• The electric force is attractive if the charges are of opposite sign and repulsive if the charges have 
the same sign .
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General Physics II Electric force and electric field

Coulomb’s law

• The electric force is conservative force .
                                                                        𝑭𝒆 =

𝑲𝒆 × 𝒒𝟏 ×𝒒𝟐

𝒓𝟐

• K :    Coulomb’s constant

• q :    Charge ( C ) 

• r :    Separation – distance ( m ) 

                                                      𝑲 =
𝟏

𝟒 𝝅 𝝐𝟎
= 𝟗 × 𝟏𝟎𝟗  

𝑵 .𝒎𝟐

𝑪𝟐

                                                     𝝐𝟎 = 𝟖. 𝟖𝟓𝟏𝟎−𝟏𝟐 𝑪𝟐

𝒎𝟐 .𝑵
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General Physics II Electric force and electric field

Coulomb’s law

• The electric force is conservative force .
                                                                        𝑭𝑮 =

𝑮 ×𝒎 ×𝑴

𝒓𝟐

• G :    Gravity constant

• m :    mass of proton ( Kg ) 

• M :    mass of electron ( Kg ) 
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General Physics II Electric force and electric field

Coulomb’s law
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General Physics II Electric force and electric field

Coulomb’s law

• Example 1 : Forces in HYDROGEN atom ,
The electron and proton of a hydrogen atom are separated ( on the average ) by a distance of 
approximately 𝟓. 𝟐𝟗 ×  𝟏𝟎−𝟏𝟏 𝒎 . Find the magnitudes of the electric force and the gravitational force 
between two particles .
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General Physics II Electric force and electric field

Coulomb’s law

• When dealing with Coulomb’s law , you must remember that the force is a vector quantity .

• Electric force obeys Newton’s third law .
                                                                            𝑭𝟐𝟏 = −𝑭𝟏𝟐
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General Physics II Electric force and electric field

Coulomb’s law

If five charges are present , as shown in this figure , then the resultant force exerted by particles 2 , 3 , 4 
and 5 on particle 1 is 𝑭𝟏 = 𝑭𝟐𝟏 + 𝑭𝟑𝟏 + 𝑭𝟒𝟏 + 𝑭𝟓𝟏` 
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General Physics II Electric force and electric field

Coulomb’s law

• Quiz : Object A has a charge of +𝟐𝝁𝑪 and object B has a charge of +𝟔𝝁𝑪 . Which statement is true about the 
electric forces on the objects ?

A ) 𝑭𝑨𝑩 = −𝟑𝑭𝑩𝑨

B ) 𝑭𝑨𝑩 = −𝑭𝑩𝑨

C ) 𝟑𝑭𝑨𝑩 = −𝑭𝑩𝑨

D ) 𝑭𝑨𝑩 = 𝟑𝑭𝑩𝑨

E ) 3𝑭𝑨𝑩 = 𝑭𝑩𝑨

بصيغة وشكل السؤال بالكتا
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General Physics II Electric force and electric field@ m_multicourses
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General Physics II Electric force and electric field

Coulomb’s law • Example 2 : Resultant force 
Find the resultant force exerted on 𝑸𝟏 = 𝟏 𝝁𝑪 Charge .
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General Physics II Electric force and electric field

Electric field due to a point charge
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General Physics II Electric force and electric field

Electric field due to a point charge

• The electric field vector E at a point in space is defined as the electric force 𝑭𝒆 , acting on a positive test 
charge 𝑸𝟎 ,placed at the point divided by the test charge .

                                                                                𝑬 =
𝑭𝒆

𝒒𝟎
 

• The vector E has the SI units of newtons per coulomb ( N/C ) .

• Note that : E is the field produced by some charge or charge distribution separate from the test charge .

• The test charge serves as a detector of the electric field .

                                                                         𝑭𝒆 = 𝑬 𝒒𝟎
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Electric field due to a point charge
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General Physics II Electric force and electric field

Electric field due to a point charge

sin 𝜃 =
المقابل

الوتر

𝜽

𝟑
𝟓

cos 𝜃 =
جاورالم

الوتر

𝜽

𝟒

𝟓

tan 𝜃 =
المقابل

المجاور

𝜽

𝟑

𝟒
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𝜃 = 𝑠𝑖𝑛−1
المقابل

الوتر
𝜃 = 𝑐𝑜𝑠−1

جاورالم

الوتر
𝜃 = 𝑡𝑎𝑛−1

مقابلال

مجاورال
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General Physics II Electric force and electric field

Electric field due to a point charge

p

+ -

3 m

4 m 10𝝁𝟕𝝁

𝜽
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General Physics II Electric force and electric field

Electric field due to a point charge • Example 3 : Electric field due to two charges 
A charge 𝑸𝟏 = 7 𝝁𝑪 is located at the origin . And a 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 coordinates ( 0.40 m )
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General Physics II Electric force and electric field

Electric field of a continuous charge distribution
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General Physics II Electric force and electric field

Electric field of a continuous charge distribution

P

Q
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General Physics II Electric force and electric field

Electric field of a continuous charge distribution

• To evaluate the electric field created by a continuous charge distribution , we use the following procedure

• First , we divide the charge distribution into small elements , each element has a small charge 

• Finally, we evaluate the total electric field at P due to the charge distribution by summing the 
contributions of all the charge elements.

                                              E = 𝐤 ׬
𝒅𝒒

𝒓𝟐  ∆𝑬 = 𝒌
∆𝒒

𝒓𝟐

@ m_multicourses

Mohammad Touma



Mohammad Touma



Mohammad Touma



Mohammad Touma



Mohammad Touma



Mohammad Touma



Mohammad Touma



Mohammad Touma



Mohammad Touma



Mohammad Touma



Mohammad Touma



Mohammad Touma



Mohammad Touma



Mohammad Touma



Mohammad Touma



Mohammad Touma



Mohammad Touma



Mohammad Touma



Mohammad Touma



Mohammad Touma



Mohammad Touma



Mohammad Touma



Mohammad Touma



Mohammad Touma



Mohammad Touma



Mohammad Touma



Mohammad Touma



Mohammad Touma



Mohammad Touma



Mohammad Touma



Mohammad Touma



Mohammad Touma



Mohammad Touma





General Physics II Electric force and electric field@ m_multicourses

Electric field of a continuous charge distribution

• Volume charge density :
If a charge Q is uniformly distributed throughout a volume V, the volume charge density is ρ defined by :
                                                                                    𝝆 =

𝑸

𝒗
          The SI unit of 𝝆 is 𝑪

𝒎𝟑

• Surface charge density :
If a charge Q is uniformly distributed on a surface of area A, the surface charge density σ is defined by :
                                                                                  𝛔 =

𝑸

𝑨
           The SI unit of 𝝈 is 𝑪

𝒎𝟐

• Linear charge density :
If a charge Q is uniformly distributed along a line of length L , the linear charge density λ is defined by:
                                                                                      λ =

𝑸

𝒍
             The SI unit of λ is 𝑪

𝒎

Uniformly distributed 

• If the charge is nonuniformly distributed over a volume, surface, or line, the amounts of charge dq in a 
small volume, surface, or length element are

dq =  𝝆 𝒅𝑽          dq = 𝝈 𝒅𝑨          dq =λ D𝒍
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General Physics II Electric force and electric field

Electric field of a continuous charge distribution

@ m_multicourses

• Example 4 : The electric field due to a charged rod
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General Physics II Electric force and electric field

Electric field of a continuous charge distribution

@ m_multicourses

• Example 5 : The electric field of a uniform ring of charge
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General Physics II Electric force and electric field

Electric field of a continuous charge distribution

@ m_multicourses

• Example 5 : The electric field of a uniformly charged disk

Mohammad Touma



Mohammad Touma



Mohammad Touma



Mohammad Touma



Mohammad Touma



Mohammad Touma



Mohammad Touma





General Physics II Electric force and electric field

Electric field lines

@ m_multicourses



General Physics II Electric force and electric field@ m_multicourses

Electric field lines

• The lines must begin on a positive charge and terminate on a negative charge .

• The number of lines drawn leaving a positive charge or approaching a negative charge is 
proportional to the magnitude of the charge.
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General Physics II Electric force and electric field@ m_multicourses

Electric field lines

• No two field lines can cross .



General Physics II Electric force and electric field

Motion of Charged Particles in a Uniform Electric Field

@ m_multicourses



General Physics II Electric force and electric field

Motion of Charged Particles in a Uniform Electric Field

@ m_multicourses

𝒒 𝑬 = 𝒎 𝒂

The acceleration is 𝒂 =
𝒒 𝑬

𝒎

• If E is uniform (that is, constant in magnitude and direction), then the acceleration a is 
constant
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End of Chapter 1
Chapter 1 – Electric force and electric field

@ m_multicourses
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