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Coulomb’s Law 

 

 

 

Point Charge 

⚫ The term point charge refers to a particle of 

zero size that carries an electric charge 

⚫ The electrical behavior of electrons and 

protons is well described by modeling 

them as point charges 

⚫ The electrical force between two 

stationary point charges is given by 

Coulomb’s Law 
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⚫ The force is inversely proportional to the 

square of the separation r between the 

charges and directed along the line joining 

them 

⚫ The force is proportional to the product of 

the charges, q1 and q2, on the two particles 

⚫ The force is attractive if the charges 

are of opposite sign 

⚫ The force is repulsive if the charges 

are of like sign 

⚫ The force is a conservative force 

⚫ Mathematically:  

𝐹 = 𝑘𝑒

|𝑞1||𝑞2|

𝑟2
 

The SI unit of charge is the coulomb (C) 

ke is called the Coulomb constant 

ke = 8.9876 x 109 N.m2/C2 = 1/(4π𝜀o) 

𝜀o is the permittivity of free space 

𝜀o = 8.8542 x 10-12 C2 / N.m2
 

Remember the charges need to be in 

coulombs, e is the smallest unit of charge 

(except quarks) 
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⚫ e = 1.6 x 10
-19

 C 

⚫ So 1 C needs 6.24 x 10
18

 electrons or 
protons 

⚫ Typical charges can be in the µC 
range 

⚫ Remember that force is a vector 
quantity 

 

Vector Nature of Electric Forces: 

⚫ In vector form, is a unit vector 
directed from q

1
 to q

2
  

⚫ The like charges produce a 
repulsive force between them 
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⚫ Electrical forces obey Newton’s 
Third Law 

⚫ The force on q
1
 is equal in 

magnitude and opposite in direction 
to the force on q

2
 

⚫ With like signs for the charges, the 
product q

1
q

2
 is positive and the 

force is repulsive 

𝐹12
⃗⃗ ⃗⃗  ⃗ = −𝐹21

⃗⃗⃗⃗⃗⃗  

⚫  
⚫ Two point charges are separated 

by a distance r 
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⚫ The unlike charges produce an 
attractive force between them 

⚫ With unlike signs for the charges, 
the product q1q2 is negative and 
the force is attractive 

⚫ Use the active figure to investigate 
the force for different positions 

 

The Superposition Principle 

⚫ The resultant force on any one 
charge equals the vector sum of 
the forces exerted by the other 
individual charges that are present 

⚫ Remember to add the forces as 
vectors 
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⚫ The resultant force on q
1
 is the vector 

sum of all the forces exerted on it by 

other charges:   

𝐹1
⃗⃗  ⃗ = 𝐹21

⃗⃗⃗⃗⃗⃗ + 𝐹31
⃗⃗⃗⃗⃗⃗ + 𝐹41

⃗⃗ ⃗⃗  ⃗ 

EX1: 

Consider three point charges located 
at the corners of a right triangle as 
shown in Figure below, where 
q1=q3=5.0 µC, q2=-2.0 µC, and a=0.10 
m. Find the resultant force exerted on 
q3. 
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Solution: 

 

  

EX.2 

Two point charges, nCq 251 += and nCq 752 −= , are 

separated by a distance of 3cm. Find the 

magnitude and direction of the electric force 

that 1q  exerts on 2q ; 



17 
 

 

Solution: 

𝐹12 = 𝐾𝑒

|𝑞1||𝑞2|

𝑟2
 

𝐹12 = 9 × 109
|25 × 10−9||−75 × 10−9|

(3 × 10−2)2
 

𝐹12 = 1.875 × 10−5𝑁 

 

Ex.4: 

Three point charges lie along the x axis as 

shown in Figure. The positive charge 

q1=15µc is at x = 2.00 m, the positive 

charge q2=6µc is at the origin, and the 

net force acting on q3 is zero. What is the 

x coordinate of q3? 
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Electric Field 
 Introduction: 

⚫ The electric force is a field force, Field 

forces can act through space 

⚫ The effect is produced even with no 

physical contact between objects 

⚫ Faraday developed the concept of a field 

in terms of electric fields 

Electric Field – Definition 

⚫ An electric field is said to exist in the 

region of space around a charged object 

this charged object is the source charge 

⚫ When another charged object, the test 

charge, enters this electric field, an electric 

force acts on it 

⚫ The electric field is defined as the electric 

force on the test charge per unit charge 

⚫ The electric field vector, �⃗⃗�   , at a point in 

space is defined as the electric force �⃗⃗�    
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acting on a positive test charge, qo placed 

at that point divided by the test charge: 

�⃗� ≡
𝐹 

𝑞0
 

⚫  The field produced by some charge or 

charge distribution, separate from the test 

charge 

⚫ The existence of an electric field is a 

property of the source charge. 

⚫ The presence of the 

test charge is not 

necessary for the 

field to exist 

⚫ The test charge 

serves as a detector 

of the field 

⚫ The direction of  �⃗⃗�   is that of the force on 

a positive test charge 

⚫ The SI units of  �⃗⃗�   are N/C 

⚫ 𝐹 = 𝑞𝑜�⃗�   . This is valid for a point charge 

only (of zero size) 
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⚫ For larger objects, the field may vary over 

the size of the object 

⚫ If q is positive, the force and the field are 

in the same direction 

⚫ If q is negative, the force and the field are 

in opposite directions 

⚫ the electric field will be: �⃗� =
𝐹𝑒⃗⃗⃗⃗ 

𝑞𝑜
= 𝑘𝑒

|𝑞|

𝑟2 �̂�  
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Example: 

What is the magnitude of the electric field at apoint 

2 m from a point charge q=4 nC?  

Solution: 

𝐸 = 𝐾𝑒

|𝑞|

𝑟2
 

𝐸 = 9 × 109
|4 × 10−9|

22
= 9

𝑁

𝐶
 

𝐸 = 9
𝑁

𝐶
𝑖  

………………………………………………………… 

Superposition with 

Electric Fields 

⚫ At any point P, the total electric field due to a group of 

source charges equals the vector sum of the electric fields 

of all the charges: 

�⃗� = 𝐾𝑒 ∑
𝑞𝑖

𝑟𝑖
2 �̂�

𝑖

 

Example: 

Charges q1=5µC , q2=3 µC and q3=-6 µC are located 

on the corner of square (its edge a=2 Cm),   
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Find the components 

of the net electric 

field at the point P, 

shown in figure. 

 

𝐸 = 𝐾𝑒

|𝑞|

𝑟2
 

𝐸1 = 9 × 109
|5 × 10−6|

(2√2 × 10−2)
2

= 5.63 × 107𝑁/𝐶 

𝐸2 = 9 × 109
|3 × 10−6|

(2 × 10−2)2
= 6.75 × 107𝑁/𝐶 

𝐸3 = 9 × 109
|−6 × 10−6|

(2 × 10−2)2
= 13.5 × 107

𝑁

𝐶
 

𝜃1 = −45  , 𝜃2 =0,   𝜃3 = 90 

 

𝐸1
⃗⃗⃗⃗ = (5.63×10

7
cos(−45)) 𝑖 + (5.63×10

7
sin(−45)) �⃗� 

= 3.98×10
7
𝑖 −3.98×10

7
�⃗�  

𝐸2
⃗⃗⃗⃗ = (6.75×10

7
cos(0)) 𝑖 + (6.75×10

7
sin(0)) �⃗� = 6.75×10

7
𝑖  

𝐸3
⃗⃗⃗⃗ = (13.5× 10

7
cos(90)) 𝑖 + (13.5× 10

7
sin(90)) �⃗� 

= 13.5×10
7
�⃗�  

𝐸𝑃
⃗⃗ ⃗⃗  = (25.55 × 107)𝑖 + (12.52 × 107)𝑗  
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Electric Field Lines, 

Positive Point Charge 

⚫ The field lines radiate outward in all directions 

⚫ In three dimensions, the distribution is 

spherical 

⚫ The lines are directed away from the source 

charge 
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Electric Field Lines, 

Negative Point 

Charge 

⚫ The field lines radiate inward in all 
directions 

⚫ The lines are directed toward the 
source 
charge 

 

 

 

 

 

 

EX. 

Charges |q|=2µC, and are located as in figure. (a=2 

Cm),  𝜃 = 60, r=4 cm, y=3.46 cm 

Find the components of the net electric field at the 

point P, shown in figure. 
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𝐸1 = 𝐸2 = 9 × 109 ×
|2 × 10−6|

(4 × 10−2)2
= 1.125 × 107𝑁/𝐶 

𝜃1 = 𝜃2 = 𝜃 = 60 

𝐸1
⃗⃗⃗⃗ = (1.125×10

7
cos(60)) 𝑖 + (1.125×10

7
sin(60)) �⃗� 

= 0.563×10
7
𝑖 +0.974×10

7
�⃗�  

𝐸2
⃗⃗⃗⃗ = (1.125×10

7
cos(−60)) 𝑖 + (1.125×10

7
sin(−60)) �⃗� 

= 0.563×10
7
𝑖 −0.974×10

7
�⃗�  

𝐸𝑡𝑜𝑡
⃗⃗ ⃗⃗ ⃗⃗  ⃗ = (1.125×10

7
) 𝑖 + (0)�⃗� = 1.125×10

7
𝑖  

𝐸𝑡𝑜𝑡 = √(1.125 × 107)2 = 1.125 × 107𝑁/𝐶 
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Electric Flux 

⚫ Electric flux is the product of the magnitude of the 

electric field and the surface area, A, perpendicular 

to the field 

⚫ 𝜙𝐸 = �⃗� . 𝐴  

 

 

 

 

 

 

⚫ The electric flux is proportional to the number of 

electric field lines penetrating some surface 

⚫ The field lines may make some angle θ with the 

perpendicular to the surface 

⚫ 𝜙𝐸 = 𝐸𝐴𝑐𝑜𝑠𝜃 

⚫ The flux is a maximum when the surface is 

perpendicular to the field 

⚫ The flux is zero when the surface is parallel to the 

field 
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⚫ In the more general case, look at 

a small area element 

 

⚫ In general, this becomes: 

 

 

⚫ In general, the value of the flux will depend both 

on the field pattern and on the surface 

⚫ The units of electric flux will be N.m2/C 

 

Electric Flux, Closed Surface 

⚫ Assume a closed 

surface  

⚫ The vectors 𝚫𝚨𝒊
⃗⃗ ⃗⃗ ⃗⃗  ⃗      

point in different 

directions 

⚫ At each point, they are 

perpendicular to the 

surface 

⚫ By convention, they point outward  

cosE i i i i iE A θ =  = E A

0

surface

lim
i

E i i
A

E

E A

d

 →
 = 

 = 



 E A
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⚫ At (1), the field lines are crossing the surface 

from the inside to the outside; θ < 90o, Φ is 

positive 

⚫ At (2), the field lines graze surface; θ = 90o, 

Φ = 0 

⚫ At (3), the field lines are crossing the surface 

from the outside to the inside;180o > θ > 90o, Φ is 

negative 

⚫ The net flux through the surface is 

proportional to the net number of lines 

leaving the surface 

⚫ This net number of lines is the number of 

lines leaving the surface minus the number 

entering the surface 

⚫ If En is the component of E perpendicular to 

the surface, then:𝝓𝑬 = ∮ �⃗⃗� . 𝒅𝑨⃗⃗ ⃗⃗  ⃗ = ∮𝑬𝒏 𝒅𝑨 

Example: 

Consider uniform electric field �⃗⃗�  directed in 

the empty space as shown in figure, and the 

cube has edge length (L), and is placed in the 

field. Find The Net electric Flux through the 

surfaces of the cube. 

⚫ For side 1, ΦE = -El2 
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⚫ For side 2, ΦE = El2 

⚫ For the other sides,  

⚫ ΦE = 0 

⚫ Therefore, ΦEtotal = 0 

  

 

Karl Friedrich Gauss 

⚫ 1777 – 1855 

Made contributions in 

⚫ Electromagnetism  

⚫ Number theory 

⚫ Statistics 

⚫ Non-Euclidean 

geometry 

⚫ Cometary orbital 

mechanics 

⚫ A founder of the 

German Magnetic 

Union 

⚫ Studies the Earth’s magnetic field 

 

 



33 
 

Gauss’s Law 

Introduction: 

⚫ Gauss’s law is an expression of the general relationship 

between the net electric flux through a closed surface and the 

charge enclosed by the surface 

⚫ The closed surface is often called a Gaussian surface 

⚫ Gauss’s law is of fundamental importance in the study of 

electric fields 

⚫ 𝚽𝒆 = ∮ �⃗⃗� . 𝒅𝑨⃗⃗ ⃗⃗  ⃗ = 𝑬𝒏 ∮𝒅𝑨 =
𝒒𝒊𝒏

𝜺𝒐
 

- qin is the net charge inside the 

surface,  

- 𝑬𝒏 the normal component of  

𝑬⃗⃗  ⃗  on surface vector   

 

⚫   𝑬⃗⃗  ⃗   represents the electric field at  any point on the surface 

⚫ Although Gauss’s law can, in theory, be solved to find 𝑬⃗⃗  ⃗ for any 

charge configuration, in practice it is limited to symmetric 

situations. 

⚫ the net flux through any closed surface surrounding a point 

charge q is given by 
𝐪𝐢𝐧

𝛆𝟎
 and is independent of the shape of the 

surface 

⚫ the electric flux through a closed surface that surrounds no 

charge is zero 
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EX.1 

Find electric field due to spherically symmetric charge distribution 

(Q) (charge volume density is uniform), on insulator sphere which 

has radius (a), at point p where 

;1) r>a, and at 2) r <a 

Solution: 

1)  

𝚽𝒆 = ∮ �⃗⃗� . 𝒅𝑨⃗⃗ ⃗⃗  ⃗ = ∮𝑬𝒅𝑨 =
𝑸𝒊𝒏

𝜺𝒐
 

 

𝚽𝒆 = 𝟒𝝅𝒓𝟐𝑬

=
𝑸𝒊𝒏

𝜺𝒐

 

𝑬 =
𝟏

𝟒𝝅𝒓𝟐

𝑸𝒊𝒏

𝜺𝒐
=

𝟏

𝟒𝝅𝜺𝒐

𝑸𝒊𝒏

𝒓𝟐
= 𝒌𝒆

𝑸𝒊𝒏

𝒓𝟐
 

2)   

Select a sphere as the Gaussian  surface, r < a 

qin < Q 

qin = (Qr3)/a3  

𝚽𝒆 = ∮ �⃗⃗� . 𝒅𝑨⃗⃗⃗⃗  ⃗ = ∮𝑬𝒅𝑨 =
𝑸𝒊𝒏

𝜺𝒐
 

𝑬 =
𝒒𝒊𝒏

𝟒𝝅𝜺𝒐𝒓
𝟐

= 𝒌𝒆

𝑸

𝒂𝟑
𝒓 

 

EX.2 Find electric Field at a Distance (r) from a Line of  positive 

Charge (charges is uniformly distributed on the 

line). Use Gauss’s law to find the field 

𝚽𝒆 = ∮ �⃗⃗� . 𝒅𝑨⃗⃗⃗⃗  ⃗ = ∮𝑬𝒅𝑨 =
𝑸𝒊𝒏

𝜺𝒐
 

Φ𝑒 = 𝐸(2𝜋𝑟𝐿) =
Qin

εo
=

𝜆𝐿

𝜀𝑂
  

𝑬 =
𝝀

𝟐𝝅𝜺𝑶
= 𝟐𝒌𝒐

𝝀

𝒓
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EX.3 

Find electric Field Due to a Plane of  

positive Charge at a Distance (r) from it. 

(charges is uniformly distributed on the 

surface) 

 

⚫ The flux through each end of the cylinder is 

EA and so the total flux is 2EA 

⚫ The total charge in the surface is σA 

⚫ Applying Gauss’s law 

⚫  

⚫ Note, this does not depend on r 

 

 

 

 

 

 

 

 

 

2
2

E

o o

σA σ
EA and E

ε ε
 = = =
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Example:  Electric force and electric potential 

A proton (charge 𝑒 = 1.62 × 10−19𝐶) moves 

in straight line from point a to point b inside a 

linear accelerator, a total distance d=0.5 m. the 

electric field is𝐸 = 1.5 × 107𝑁/𝐶 uniform 

along this line, with magnitude in the direction 
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from a to b. Determine a) the force on the 

proton; b) the work done on it by the field; c) 

the potential difference 𝑉𝑎 − 𝑉𝑏 . 
 

 SOLUTION: 
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EX.3 

 

 



47 
 

 

 



48 
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Solution: 
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