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Continuous Charge Distribution 

If the charge distribution is continuous, the electric potential at a point P due 

to dq is 

 

Summing over contributions from all differential elements, we have 

 

 

 

 

 

 

 

 

 

Deriving Electric Field from the Electric Potential  

If we consider two points which are separated by a small distance ds, the 

following differential form is obtained: 

 

In Cartesian coordinate  
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Which implies 

 

A differential quantity called the “del (gradient) operator” 

 

the electric field can be written as 

 

 

Mathematically meaning: The  ⃗  as the negative of the gradient of the 

electric potential V.  

Physically meaning: The negative sign implies that if V increases as a 

positive charge moves along some direction, say x, with  
  

  
   , then there 

is a non-vanishing component of  ⃗   in the opposite direction (- Ex   ) 

Note: ∇ operates on a scalar quantity (electric potential) and results in a 

vector quantity (electric field). 

If the charge distribution possesses spherical symmetry, then the resulting 

electric field is a function of the radial distance r, 

i.e.  
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For example, the electric potential due to a point charge q is 

 

The electric field is simply 

 

 

Example 

Consider a non-conducting rod of length l having a uniform charge density 

λ. Find the electric potential at P, a perpendicular distance y above the 

midpoint of the rod. 

 

Solution: 

a differential element of length dx′ which carries a charge dq= λ dx′ . 

The distance from  dx′ to P is  

    ́     
 

 ⁄   

the potential is given by 
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the total potential due to the entire rod is 

 

where we have used the integration formula 

 

In the limit     the potential becomes,  

 

The corresponding electric field can be obtained as 

 

H.W. 

1. Suppose in some region of space the electric potential is given by 
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Where a is a constant with dimensions of length. Find the x, y, and the z-components of 

the associated electric field. 

2. Suppose that the electric potential in some region of space is given by 

 

Find the electric field everywhere. 


