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Unit 1  

a. COULOMB’S LAW AND ELECTRIC FIELD INTENSITY 

b. ELECTRIC FLUX DENSITY, GAUSS’ LAW AND 

DIVERGENCE THEOREM 

Learning Outcomes: 
At the end of the topic, the learner will be able to  

 Explain the difference between scalars and vectors. 

 Determine the dot & cross product of vectors. 

 Distinguish between the various Coordinate systems i.e. Cartesian, Cylindrical, and 

Spherical. 

 State and explain the divergence theorem and the experimental law of Coulomb and 

Gauss’ law. 

 Apply the Gauss’ law to various (highly symmetric charge) distributions and solve 

simple engineering problems. 

 Derive and explain the Maxwell’s First equation and the vector operator. 

 

Why Study Electromagnetics? 

Electromagnetics (EM) is the subject having to do with electromagnetic fields.                       
An electromagnetic field is made up of interdependent electric and magnetic fields, which 
is the case when the fields are varying with time, that is, they are dynamic. An electric field 
is a force field that acts upon material bodies by virtue of their property of charge, just as a 
gravitational field is a force field that acts upon them by virtue of their property of mass.     
A magnetic field is a force field that acts upon charges in motion. 

EM is all around us. In simple terms, every time we turn a power switch on, every time we 
press a key on our computer keyboard, or every time we perform a similar action involving 
an everyday electrical device, EM comes into play. It is the foundation for the technologies 
of electrical and computer engineering, spanning the entire electromagnetic spectrum, 
from dc to light, from the electrically and magnetically based (elctromechanics) 
technologies to the electronics technologies to the photonics technologies. As such, in the 
context of engineering education, it is fundamental to the study of electrical and computer 
engineering. 
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REVIEW OF VECTOR ANALYSIS 

Introduction: 

 Knowledge of vector algebra and vector calculus is essential in developing the 

concepts of electromagnetic field theory. Thus,  vector analysis can be seen as 

mathematical tool with which electromagnetic (EM) concepts are most conveniently 

expressed and best comprehended. 

 Electromagnetics is a brief name for the subject that deals with the theory and 

applications of electric and magnetic fields. Its implications are of fundamental importance 

in almost all segments of electrical engineering.  

Scalar Quantity : 

• A quantity that has only magnitude but no direction.  

• Example: time, mass, distance, temperature, entropy, electric potential, and 

population are scalars. 

• Scalar is represented by a letter. e.g., a, b, r, p… 

Vector Quantity: 

•  A quantity that has both magnitude and direction.  

• Example: Velocity, force, displacement and electric field intensity. 

• Vector is represented by a letter such as A, B, or      

• It can also be written as         

  where A is       which is the magnitude and      is unit vector. 

Unit Vector: 

A unit vector    along   is defined as a vector whose magnitude is unity (i.e., 1) and its 

direction is along  , that is,     
 

   
  Figure 1 shows graphical representation of unit 

vector. 

 
Figure 1. Unit Vector. 



Field Theory 10EE44 Unit 1 
 

Dr. Prashant P. Patavardhan, KLS GIT, Belagavi  February 2016 
 

3 
A vector A in Cartesian (or rectangular) coordinates may be represented as (  ,  ,  ) or 

(    ,    ,    ) where   ,    and   are called the components of   in the x, y, and z 

directions respectively;   ,  ,  , are unit vectors in the x, y, and z directions and as shown 

in figure 2,  

                    

magnitude of                       
 
         

A unit vector along    is     
                

           
 
       

  

  

Figure 2. Components of vector   . 

Vector Algebra: 

Vector Addition: 

Two vectors   and   can be added together to give another vector  ; that is,  

 = + . 

The vector addition is carried out component by component. Thus, if  =(  ,  ,  ) and 

 =(  ,  ,  ).  

 = (  +   )  + (  +   )  + (  +   )   

                
Figure 3. Vector addition by either the parallelogram rule or the head-to-tail rule. 

 

Vector subtraction: 

Is similarly carried out as (as shown in figure 4) 

   = − = + −  = (  −   )  + (  −   )  + (  −   )   
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Figure 4. Vector subtraction. 

 

The three basic laws of algebra obeyed by any given vectors A, B, and C, are summarized as 

in table 1.  

Table 1. Basic laws of vector algebra. 

Law Addition Multiplication 

Cummutative               

Associative                               

Distributive               

where, k and l are scalars. 

 

Multiplication of a vector by a scalar: 

Multiplication of a scalar k to a vector    gives a vector that points in the same direction as    

and magnitude equal to       as shown in figure 5. 

 

                                                                                        

Figure 5. Multiplication of a vector by a scalar. 

The division of a vector by a scalar quantity is a multiplication of the vector by the 

reciprocal of the scalar quantity. 

 

Position Vector: 

A point P in Cartesian coordinates may be represented by ( ,  ,  ). The position vector    

(or radius vector) of point   is as the directed distance from the origin   to                                

i.e.    =    =     +     +    . The position vector of point   is useful in defining its position 

in space.  

For example, point(3, 4, 5), and its position vector 3   + 4   + 5   is shown in figure 6. 
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Figure 6. Example for position vector. 

Distance Vector: 

If two points   and   are given by (  ,  ,  ) and (  ,  ,  ), the distance vector (or 

separation vector) is the displacement from   to  ; that is,  

     =   =  −  = (  −   )  + (  −   )  + (  −   )   

 
Figure 7. Illustration of vector distance    . 

 

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

Problem 1. 

If   = 10 x − 4 y + 6 z and   = 2 x +  y , find: 
(i) The component of   along    . 
(ii) The magnitude of 3  −  . 
(iii) A unit vector along   + 2 . 

Solution: 

(i)  The component of   along  y is A y = -4. 

(ii)  3  −   = 3(10, -4, 6) - (2, 1, 0) = (30, -12, 18)-(2,1,0) =(28, -13, 18) 

 Hence,                                      

(iii) Let C =   + 2  = (10, -4, 6) +2(2, 1, 0) =(14, -2, 6) 
 
A unit vector along C is  
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Or                                      

Note that  |aC|=1 . 

 

Problem 2: 

Points P and Q are located at (0, 2, 4) and (-3, 1, 5). Calculate  
(i) The position vector P.  

(ii) The distance vector from P to Q.  

(iii) The distance between P and Q.  

(iv) A vector parallel to PQ with magnitude of 10.  
Solution: 
(i)  rP = 2ay + 4az 

(ii) rPQ = rQ - rP = (-3, 1, 5) - (0, 2, 4)= (-3, -1, 1) 
        = -3ax - ay + az 

(iii)                                        

(iv)  
Let the required vector be A, then A = AaA 

 
Where A=10 is the magnitude of A. Since A  is parallel to PQ, it must have the same unit 

vector as rPQ. Hence,  

    
   

     
  

          

    
 

  
           

    
                         

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

Vector Multiplication: 

When two vectors   and   are multiplied, the result is either a scalar or a vector depending 

on how they are multiplied. Thus there are two types of vector multiplication:  

1. Scalar (or dot) product:   ∙  .  

2. Vector (or cross) product:   ×  .  

Multiplication of three vectors A, B, and C can result in either:  
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3. Scalar triple product:   ∙ (  ×  ) . or  

4. Vector triple product:   × (  ×  ). 

Scalar (or dot) product: 

The dot product, or the scalar product of two vectors   and  , written as   ∙  . is defined 

geometrically as the product of the magnitudes of A and B and the cosine of the angle ( ) 

between them. Figure 8 depict the dot product between two vectors. 

 
Figure 8. Dot product between   and  . 

  ∙  =   cos    

where     is the smaller angle between   and  . The result of   ∙   is called either the 

scalar product because it is scalar, or the dot product due to the dot sign.  

If  =(  ,  ,  ) and  =(  ,  ,  ), then:  

  ∙  =    +    +     

Two vectors A and B are said to be orthogonal (or perpendicular) with each other if  

  ∙  =0. 

Dot product obeys, commutative and associative rules as shown in the table 2. 

Table 2. Commutative and associative rules for dot products. 

Commutative  ∙ = ∙  

Associative 
 ∙ ( + ) = ∙ + ∙  
 ∙ = | |  

 

Also note that:  

  ∙   =   ∙   =   ∙   = 0 

  ∙   =   ∙   =   ∙   = 1 
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Vector (or cross) product: 

The cross product of two vectors A and B. written as   ×   , is a vector quantity whose 
magnitude is the area of the parallelepiped formed by   and   and is in the direction of 
advance of a right handed screw as   is turned into   as shown in the figures 9 and 10. 

 
Figure 9. Cross product between vectors   and  . 

  ×   =    sin        
where    (or   ) is a unit vector normal to the plane containing   and  . 
 

 
Figure 10. Right hand rule and right handed screw rule. 

 
The vector multiplication is called cross product due to the cross sign; it is also called 
vector product because the result is a vector.  
If              and  =(  ,  ,  )then:  

       

      

      

      

  

 
 ×  = (    −     )  + (    −     )  + (    −     )   

 
Properties: 

1. It is not commutative:   ×   ≠   ×    
    It is anticommutative:   ×  = −   ×    
2. It is not associative:   × (  ×  ) ≠ (  ×  ) ×    
3. It is distributive:   × (  +  ) =   ×   +   ×    
4.   ×  =0  
5. Also note that         ×    =        ×    =             ×    =    
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++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 

Problem 3. 
Given vectors   =    + 3   and   = 5   + 2   − 6   , find the angle between A and B. 
Solution: 
The angle     can be found by using either dot product or cross product. 

                                    
 

                      
 

                            
 

        
     

      
  

   

              
        

                           
OR 

       

      

   
    

                

 
               

                                 

         
      

      
  

      

              
       

                         

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 
 

Coordinate Systems: 

Need for coordinate systems: 
• To describe a vector accurately and to express a vector in terms of its components, it 

is necessary to have some reference directions. 
• Such directions are represented in terms of coordinate systems. 

 
Types of coordinate systems 
The various coordinate systems used often in electromagnetic fields are, 
       i)  Cartesian or Rectangular coordinate system, 
       ii) Cylindrical  or Circular coordinate system, and 
       iii) Spherical or Polar coordinate system. 
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