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ABSTRACT 
 

This paper has discussed the effects of ground 
conductivity and the height of observation point 
from the ground surface on the components of 
lightning generated horizontal electric field and 
lightning induced return stroke current parameters 
on the components of lightning generated vertical 
electric field in time domain. This paper also shows 
the comparison between the components of lightning 
generated horizontal and vertical electric fields. 
 

1. INTRODUCTION 
 
Lightning generated horizontal and vertical electric 
fields contain three components such as electrostatic, 
induction and radiation. The Modified dipole 
technique [1], that overcomes the limitations of both 
Sommerfeld Integral and Wave-tilt function methods 
[2-6] has been used in this paper to investigate the 
effect of ground conductivity and the height of 
observation point from the ground surface on the 
components of lightning generated horizontal 
electric field and lightning induced return stroke 
current parameters such as: peak value and velocity 
of propagation on the components of lightning 
generated vertical electric field. 
 

2. THEORY 
 

The Modified dipole model [1], which has been used 
in this paper, is shown in Fig.1. The generalized 
expression of image source is shown in equation (1). 

             1 
       Si

 (s)  = - (σe/εe) × [                     ]S(s)            (1)    
              (s+σe/εe) 

 
 
    

                    S(s)    Medium-1           • Pg                    az                
                               (εa ,µo ,σa)    
              h                   Air         
                                            Air-Finitely conducting earth interface   
                                                                                                                                                  
              h                        Medium-2                               Eh                                      
                                          (εa ,µo ,σa)    
                     Si(s)                   Air 
 
Fig. 1  Modified dipole model for estimating electric 
field at any point Pg in air due to a source S(s) on 
and above the air-finitely conducting earth interface.  
 
A simple model of lightning induced return stroke 
current having the waveform shown in Fig.2 is used 
to perform the aforesaid investigation.  

Fig. 2 Lightning discharge model-Typical return 
stroke current. 
 
The image current ii(t) is then obtained from the 
inverse laplace transform of  

                     1 
Ii

 (s)  = - (σe/εe) ×  [                       ]I(s)             
                           (s+σe/εe) 

where Ii(s) = The laplace transform of image current 
           I(s) = The laplace transform of source current 
The equations for horizontal and vertical electric 
fields at point Pg(r,ϕ,z) due to small dipole of length 
dz carrying a current ii(t) can be expressed as 
follows: 
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         dz   3r(z –z/)  t                       3r (z-z/) 
dEr=                    ∫ i(z, t-R/c) dt +              i(z, t-R/c) 
       4πεo      R5   0                            cR4 
                   
                         r (z-z/)  ∂i(z,t-R/c) 
                    +                                                          (2) 
                           c2R3        ∂t 
 
 
         dz     2(z –z/)2-r2    t                2(z –z/)2-r2 
dEz=                          ∫ i(z, t-R/c)dt+            i(z, t-R/c) 
       4πεo         R5      0                         cR4 
                   
                              r2      ∂i(z,t-R/c) 
                    -                                                           (3) 
                           c2R3           ∂t 
 
 
where,  Er = Horizontal electric field  

Ez = Vertical electric field.        
The horizontal and vertical electric fields due to the 
image source ii(t) can be determined from equations 
(2) and (3) by replacing R by Ri, z⁄  by   -z⁄  and i(t) 
by ii(t). In equations (2) and (3), the first, second and 
third terms are called electrostatic, induction and 
radiation components of horizontal and vertical 
electric fields, respectively.   
 

 3.    NUMERICAL RESULTS 
 
Numerical results obtained in this paper are based on 
the following parameters unless stated in otherwise: 
conductivity of the ground=0.001mho/m, relative 
permittivity of the ground=10, peak value of 
lightning induced return stroke current=15kA, since 
in the previously published theoretical works, the 
peak value of lightning induced return stroke current 
has been taken as 10 to 15kA for calculating 
lightning generated electric fields,  velocity of 
propagation of lightning induced return stroke 
current=100m/µsec, distance of observation point 
from the lightning strike point = 0.2 km, cloud 
height = 4 km, front time of lightning induced return 
stroke current = 0.6 µsec, tail time of lightning 
induced return stroke current = 24 µsec.  
Figures 3, 4 and 5, respectively, show the effect of 
ground conductivity on the electrostatic, induction 
and radiation components of lightning generated 
horizontal electric field at an altitude of 10 meters 
from the ground surface. It has been observed that 
the intensity of the fields increases with the increase 
in ground conductivity at any observation point 
situated at 10 meters above the ground surface. 
 

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 Effect of ground conductivity on the 
horizontal electrostatic field at an altitude of 10 
meters from the ground surface.  

 
Fig. 4 Effect of ground conductivity on the 
horizontal induction field at an altitude of 10 meters 
from the ground surface. 

 
Fig. 5 Effect of ground conductivity on the 
horizontal radiation field at an altitude of 10 meters 
from the ground surface. 
 
The effect of height of observation point from the 
ground surface on the electrostatic, induction and 
radiation components of lightning generated 
horizontal electric field are shown in Figs. 6, 7 and 
8, respectively, for finite conductivity of the ground.  
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Fig. 6 Effect of height of observation point on the 
horizontal electrostatic field for finite conductivity 
of the ground. 
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Fig. 7 Effect of height of observation point on the 
horizontal induction field for finite conductivity of 
the ground. 
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Fig. 8 Effect of height of observation on the 
horizontal radiation field for finite conductivity of 
the ground. 
 
On the ground surface, the fields are negative. They 
decrease in magnitude with the increase in height of 
observation point. After a certain height, hc, (here we 
call it critical height), they change their polarity 
from negative to positive and then go to increase 
with further increase in height of observation point 
from the ground surface.  
Figures 9, 10 and 11 show the effect of peak value 
of lightning current on the electrostatic, induction 
and radiation components of vertical electric field, 
respectively, at an altitude of 10 meters from the 
ground surface. The intensity of the fields increases 
with the increase in peak value of lightning current. 
Initially the induction component of vertical electric 
field is negative, after a certain period of time, tc, it 
changes its polarity from negative to positive and 
then decreases in magnitude with the increase in 
time and finally becomes zero.  

 
 
Fig. 9 Effect of peak value of lightning current on 
the vertical electrostatic field at an altitude of 10 
meters from the ground surface. 

 
Fig. 10 Effect of peak value of lightning current on 
the vertical induction field at an altitude of 10 meters 
from the ground surface. 

 
Fig. 11 Effect of peak value of lightning current on 
the vertical radiation field at an altitude of 10 meters 
from the ground surface. 
 
The effect of velocity of propagation of lightning 
current on the electrostatic, induction and radiation 
components of vertical electric field are shown in  

 
Fig. 12 Effect of velocity of propagation of lightning 
current on the vertical electrostatic field at an 
altitude of 10 meters from the ground surface. 

 
 
Fig. 13 Effect of velocity of propagation of lightning 
current on the vertical induction field at an altitude 
of 10 meters from the ground surface. 
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Fig. 14 Effect of velocity of propagation of lightning 
current on the vertical radiation field at an altitude of 
10 meters from the ground surface. 
 

Figs. 12, 13 and 14, respectively, at an altitude of 10 
meters from the ground surface. The intensity of the 
fields decreases in magnitude with the increase in 
velocity of propagation of lightning induced return 
stroke current. 
Figures 15 and 16 show the electrostatic, induction 
and radiation components of the horizontal and 
vertical electric fields, respectively, at an 
observation point 200m away from the lightning 
strike point for the ground conductivity of 
0.001mho/m.  

 
Fig. 15  Components of horizontal electric field. 

 

 
Fig. 16  Components of vertical electric field. 

 
Fig. 17 Induction components of horizontal and 
vertical electric fields at an observation point 200m 
away from the lightning striking point for the ground 
conductivity of 0.001mho/m. 
 
Initially the induction component of vertical electric 
field is negative and changes its polarity from 

negative to positive, where the induction component 
of horizontal electric field is found to become zero, 
with further increase in time as shown in Fig.17. 
 

4. CONCLUSION 
 

It has been observed that the components of 
lightning generated horizontal electric field are 
highly affected by the ground conductivity. On the 
ground surface, the fields are found to be negative. 
They are found to decrease in magnitude with the 
increase in height of observation point. After a 
certain height, hc, (here we call it critical height), 
they change their polarity from negative to positive 
and then go to increase with further increase in 
height of observation point from the ground surface. 
The intensity of the components of vertical electric 
field increases with the increase in peak value and 
decreases with the increase in velocity of 
propagation of lightning induced return stroke 
current. Initially the induction component of vertical 
electric field is negative, after a certain period of 
time, tc, (here we call it critical time) it changes its 
polarity from negative to positive, where the 
induction component of horizontal electric field is 
found to become zero, with further increase in time. 
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