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ABSTRACT 

The ground reflection at channel base is as an important 
factor on the values of lightning electromagnetic fields 
and lightning induced voltage on the power line that is 
due to difference between the return stroke channel and 
the ground impedances. In this paper, the effects of 
ground reflection factor on the values of lightning return 
stroke currents at different heights along lightning 
channel and also lightning electromagnetic fields are 
considered and the results are discussed accordingly.  

INTRODUCTION  
Lightning electromagnetic fields is an important effect of 

lightning that can create lightning induced voltage on the 

power lines and systems [1-3]. The electromagnetic fields 

associated with lightning channel is strangely dependent 

on the channel base current and current wave shapes at 

different heights along lightning channel and a number of 

geometrical parameters[4-7]. On the other hand, the 

current wave shapes along channel are dependent on the 
reflection factor at striking point that can enter additional 

reflected currents into channel and change the values of 

lightning electromagnetic fields while the additional 

reflected currents are usually ignored in the fields 

calculations[8]. It should be mentioned that the ground 

reflection factor is due to difference between the surge 

impedance of channel and ground impedance. In this 

paper, the effect of ground reflection factor on the wave 

shapes of currents along lightning channel and also the 

electromagnetic fields associated with lightning channel 

are considered and the results are discussed accordingly. 
Moreover, the behaviours of field peaks against ground 

reflection changes are studied and the relationships 

between them are considered accordingly. The basic 

assumptions of this study are listed as follow; 

1- The lightning channel is assumed to be vertical 

without any branches. 

2- The ground surface is assumed to be flat. 

 

LIGHTNING RETURN STR OKE CURRENT 
AND ELECTROMAGNETIC FIELDS 
Lightning return stroke current can be considered into 

two areas i.e. the channel base current and current wave 

shapes at different heights along lightning channel. 
Several functions consider on the simulation of channel 

base current whereas in this study the sum of two Heidler 

function is used as a current function as expressed by 

equations (1)[9]. 
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Where: 

i�:0,t�; is the channel base current, 

t is the time step, 

i01  and i02 are amplitudes of the channel base current, 

�211   and  �212 are front time constants, 

�221   and  �222   are decay- time constants, 

n1and n2 are exponent (2~10), 
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On the other hand, in order to model the current wave 
shapes at different heights along lightning channel, 

different current models are proposed whereas they can 

be classified into four main groups as follow; 

1- The gas dynamic current models 

2- The distributed current models 

3- The electromagnetic current models 

4- The engineering current models 

In this study, the general form of engineering current 

models is applied whereas the current wave shapes at 

different heights along lightning channel are expressed 

based on the channel base current and a particular 

attenuation height dependent factor as presented by 
equation(2)[5, 10-11]. 
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Where: 
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v is return stroke current velocity along channel, 

vf  is return stroke current velocity along channel, 

U(t F
z�•

v f
) is Heaviside function. 

Likewise, in presence of ground reflection at channel 

base, the current function (equation 2) can be converted 

to equation (3) as follow[12]; 


