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Electrostatic field: 

 

In this chapter we shall restrict our attention to static electric fields in vacuum or free 

space. Such fields, for example, are found in the focusing and deflection systems of 

electrostatic cathode-ray tubes. For all practical purposes, our results will also be 

applicable to air and other gases. 

 

 

Coulombs Law: 

 

Coulomb stated that the force between two very small Objects separated in a vacuum 

or free space by a distance which is large compared to their size is proportional to the 

charge on each and inversely proportional to the square of the distance between them, 

or 
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The coulombs force in nature is very enormous comparing with gravitational force. 

The force between two electrons: 
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Electric field intensity (E): 

 

(E) is the force per unit charge exerted on a test charge. 
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The electric field intensity is the same when ther qa is present or not. 

 

[  
  

     
 
 ̂] 

 

  
    ̂   ̂   ̂ 

              
 
 

                       

  
  

    |   ̀| 
    ̀                 

  
      ̀  ̂      ̀  ̂      ̀  ̂ 

         ̀       ̀       ̀   
 
 

 

 

 

Field of n-point charge: 
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Problem: 

1- Two point charge                   are lactated at (-1,1,-3)m, and 

(3,1,0)m, respectively. Find the Force on    . 

2- Find the electric field (E) at P(-4,6,-5)in the free space caused by a charge  

a- At the Origen. 

b- At (2,-1,3). 

3- Point charge        is locted at p1(-3,7,-4) in free space while         is 

locted at p2(2,4,-1). 

At the point (12,12,15)find E, | |                 
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Charge Distribution: 

 

1- L in charge distribution:  
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2- sheet charge distribution:  
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3- Volume charge distribution: 
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Standard charge distribution 

 

1- Electric field intensity due to line charge,      (  
  

     
  ) 

2- Electric field intensity due to infinite plane sheet charge, 

      (  
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3- Electric field intensity due to a point charge,        
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Example: 

Find the force on a point charge of 50μc at(0,0,5) due to 

 a charge of 500π μc, which  uniformly distributed over 

 the circular disk                      . 

 

Sol/ 
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Q/ Find E at (0,0,5)m due to Q1= 0.35μc at (0,4,0)m and Q2=0,55 μc at (3,0,0)m 
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The Electric Potential: 

   ∫     
  

  

 

The work required to move a point charge q from p1 to p2 at a constant speed in an 

electric field. 
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 The same over the closed path = 0  

  ∮                              

The conservative field is    1-a function of position only    2- have a fixed value 

Using stokes theorem               ∮    ∫          
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The (-)sing is required in order that or point toward a decrease in potential.   
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Is the work done in moving a charge q from one point to another 

The potential is the work done per unit charge. 
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If   r1  is at infinity 
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The potential: 

  Is the work required to bring a charge from infinity to a point considered in the 

electric field.   Or   potential is the work done per unit charge.        
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Example:  

Find the work done in carrying the charge from r1 to r2 along a radial path due to 

infinite line charge. 
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Q\ Find the work done in carrying the charge (q)from r1 to r2 along a radial path due 

to a point charge. 
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Example: Find the work done in moving a point charge q=5μc from the origin to 
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Sol\ 

    ∫       ∫ (   
 
    

  

     
  )

  

  

  

  

                        

         [∫    
 
 

 

 

   ∫   

 
 

 

    ]         [  ( 
  
   )    ]

             

    
 

 
 

           

      
             

 

Electric Flux and Gausses Law: 

Electric flux (ψ):is the number of electrical lines. 

1- Columbus of electrical charge gives rise. 

2- Columbus of electric flux,    flux(ψ)= φcharge 

 

Electrical flux density (D): Is the number of lines per unit area     
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D: Is the vector take its direction from the line of flux. 
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Gauss’s Law: 

The electric flux passing through any closed surface is equal to the total charge 

enclosed by that surface. 
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The ratio between flux density and electric field intensity  

Relation between D and E : 
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For appoint charge: 
 

  
    

      
         

 

 
    

 

                                                                     

       

 

 

 

 

 

 

The electric flux density DS 

At P due to 

 Charge Q. The total flux passing 
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Example: Find D of a uniform finite line charge. 

 

Sol/ 

       The appropriate Gauss surface for a line as a clyndrical 
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Q/ Find D and E due to a uniform finite plane charge. 

 Sol./ 
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Maxwell’s First equation: 
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Q1\ Given the field (                       )
 

  
 compute the total flux 

crossing the surface defined by: 

 
                                                 

                                                 
 

Q2\ The cylindrical surfaces (r = 3,4 and 5)m contain a uniform charge density of (8, 

-12 , and    )
  

  
 respectively. 

a) At what volume must     be so that D = 0 for r > 5 ? 

b) If (     
  

  
 ) calculate and plot Dr versus r for           

 

Q3\ The spherical surfaces (r = 3,4 and 5)m contain a uniform charge density of (8, -

12 , and    )
  

  
 respectively.  

a) At what volume must     be so that D = 0 for r > 5 ? 

b) If (     
  

  
 ) calculate and plot Dr versus r for           
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Energy Density in Electrostatic Field 
 

The work required to bring point charge from infinity to point considered in Field 

(E). 

   ∫        *∫     
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Consider the work required to assemble charge by charge a distribution of n=3 point 

charges  
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If there charge brought in to place reverse order 
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For  n-point charge:  
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For continuous charge distribution: 
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Example: Find the energy stored in the electrostatic field of a section of a coaxial 
cable. 
 
Sol.\    
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The energy stored per unit volume is : 
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Q1\ Find the energy stored in a parallel plate capacitor. 

 

Sol\ 

 
 her  E=V\d  for capacitor then: 
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Q2\Given       
 

     in cylindrical coordinate. Find energy stored in the volume 

described by              . 

 

Q3\ Find the energy stored in a system of three equal point charges of (2nc) arranged 

in a line with 0.5cm separation between them. 
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