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Abstract 

To determine an expression for the electric field in terms of current density and charge density is 

used the continuity equation approach. In this approach, the expression of electric field using scalar 

and vector potential relates the charge density and current density. The major consequence of these 

equations is that they visualize how varying electric fields propagate at the speed of light. In 

Maxwell's electrodynamics, formulated as it is in terms of charge and current densities, a point 

charge must be regarded as the limit of an extended charge, when the size goes to zero. Hence, the 

total electric field at the point P is  

E(r,  t) = – L'(t)
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1. Introduction

The electrostatic discharge occurs between electrically charged regions may be between the two 

clouds, or cloud and air, or between a cloud and a ground. This discharge is called lightning 

discharge [1] - [5]. If there are a sufficiently charges in these regions which produce the high 

electric potential between them. If the charges in the cloud sufficiently large over the surface of 

the earth, an equal electric charge of opposite polarity is induced on the earth surface. The greater 

the accumulation of charges, higher will be the electric field produced. The electric field expression 

in the form of electro static, induction, and radiation fields were obtained in various papers. These 

components are very important for the lightning discharge [6] – [16]. There are so many approach 

used to determine the electric field. In the continuity equation approach, the expression of electric 

field using scalar and vector potential relates the charge density and current density. To determine 

an expression for the electric field in terms of current density and charge density is used in this 

paper. 
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2. Theory and Discussion 

 

To determine an expression for the electric field in terms of current density and charge density is 

used the continuity equation approach. In this approach, the expression of electric field using scalar 

and vector potential relates the charge density and current locally. The relation between the charge 

density and current at the retarded time is 
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Where, tr is the retarded time which is equal to tr = t – 
R(z ')

c
. 

 
In the right hand side of this equation, the partial differentiation of the current with source 

coordinate (z') keeping at the retarded time constant which is balanced with the rate of change of 

charge density. 

 
Let us consider, in the figure 1, the return stroke starting from the point A on the ground in which 

z' = 0, then the charge is 
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The scalar potential due to the whole lightning channel is, 

 

(r, t) = 
L'(t)
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The negative gradient of the scalar potential by using the spherical coordinate system is given by   

[17] – [20] 
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Figure 1: Geometry of the problem to determine the electric Field by the continuity equation 

approach. 

 
From the figure, we can write, 

 

R2 (z') = r2 + z'2 – 2rz' cos  

  

                                             Or, R(z') =        
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Here, the R (z') is the function of both r and , so on the partial differentiation, 
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On substituting all these values in the above equation 
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The vector potential at P due to the whole retarded length L'(t) is  
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Now, the negative rate of change of vector potential is 
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 Where,  ẑ = ˆr̂ cos sin−   

 
On combining these two equations, then we get the total electric field at the point P. 
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Hence, we get the total electric field in spherical polar coordinate is 
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In this long equation for the return stroke field at the ground level, then,  

 = 90. So sin  = 1 and cos  = 0. Similarly, ̂  = –z   since, ẑ = ˆr̂ cos sin−  , the unit vector 

r̂  becomes only horizontal as shown in figure, pointing away from the channel.  At z' = 0, a 

perfectly conducting plane i.e. the earth is introduced to simulate the effect. 

 
By using image theory, the total electric field should be added up i.e. the same of the field given 

by the image channel carrying current in the same direction as the actual channel. Hence, the total 

electric field at the point P is 
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The first three terms of this equation are similar to be corresponding terms of the expression of the 

determination of the electro-magnetic field in the Jefimenko equation. If there is no current in the 

wave front then the last two terms Vanishes and only we get the first three terms: 
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3. Conclusion 

 
The first term of this equation represent the electrostatic field which have R–3 term, the second 

term contain c–1R–2, which represents the induction field, and the last term represents the radiation 

field containing terms. 1/c2R (z'). The graph of these static field, induction field, radiation field 

and the total electric field are shown in figure 2. The individual effect of these components on the 

total electric field is evaluated. As the electrostatic component increases, the total electric field 

also increases proportionately as seen in the graph. Similarly the total electric field increases as 

the induction field increased but the effect of induction component is less when compared to that 

of the electrostatic field. In contrast, there is opposite relation between the radiation component 

and the total electric field which suggests that decrease in the radiation component increases the 

total electric field. Hence, we can conclude that the sum of the electrostatic component and the 

induction component of the electric field has relatively greater effect to the total electric field than 

the radiation components in the lightning discharge. 

 

 
 

 
Figure 2:  The three components of the electric field due to lightning   and total electric field are 

given in the figure 2. 
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