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Charge Density 

 Volume Charge Density 

 The volume charge density tells specifically about how much electric 

charge is present in a given volume. 

 We have a very large number of charges distributed in some region in space. 

 A small volume element     which contains an amount of charge    . 

 r is the distance between     and P. 

 

 To find the electric field at some point P. 

 If the distance between charges within the volume element       . 

      (infinitesimally small) 

 a volume charge density    ⃗)[ C/m
3
]  is 

 
 The total amount of charge within the entire volume V is 

 
Surface Charge Density  

 the charge can be distributed over a surface S of area A with a surface 

charge density σ (C/m
2
) 

     ⃗) = 
  

  
 

 The total charge on the entire surface is: 
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Line Charge Density  

 

If the charge is distributed over a line of length l, then the linear charge 

density λ (C/m) is 

 
The total charge is now an integral over the entire length: 

 

 
 

 

Electric Fields due to Continuous Charge Distributions 

  

The electric field at a point P due to each charge element dq is given by 

Coulomb’s law: 

 

The total electric field  ⃗⃗ is the vector sum (integral) 

of all these infinitesimal contributions: 
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Example:  A non-conducting rod of length l with a uniform positive charge 

density λ and a total charge Q is lying along the x-axis, as illustrated in 

Figure. 

 

 Calculate the electric field at a point P located along the axis of the rod 

and a distance x0 from one end. 

Solution: 

 The linear charge density is uniform and is given by         . 

 The amount of charge contained in a small segment of length   ̀ is dq =     ̀ 

 The field at P points in the negative x direction (Since the source carries a positive 

charge Q). 

 The unit vector that points from the source to P is    ̂     ̂.  

 The contribution to the electric field due to is dq

 

Integrating over the entire length leads to
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 If P is very far away from the rod (    ), 

 

 
 

Note: The result is to be expected since at sufficiently far distance away, the 

distinction between a continuous charge distribution and a point charge 

diminishes. 

 

 

 

Example: A non-conducting rod of length l with a uniform charge density λ and a total 

charge Q is lying along the x-axis, as illustrated in Figure. Compute the 

electric field at a point P, located at a distance y from the center of the rod 

along its perpendicular bisector. 
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Solution: 

 

The contribution to the electric field from a small length element   ́ 

 

             Where dq=λ   ́ 

 

 

The x-component of the electric field(    vanishes (symmetry) as shown in figure  

 

 
 The y-component of dE is 

 

 
 The total electric field due to the rod is 
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Where       
 ́

 
  

  ⁄

√       ⁄  
   

  

 

  

 
 In this infinite length limit, the system has cylindrical symmetry. 

 


