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Abstract:Abstract:

Generalized lightning traveling current source Generalized lightning traveling current source 
return stroke model (GTCSM) has been used return stroke model (GTCSM) has been used 
to examine the dynamics of lightning channel to examine the dynamics of lightning channel 
corona sheath surrounding thin channel core.corona sheath surrounding thin channel core.
The corona sheath radius and velocity of the The corona sheath radius and velocity of the 
corona sheath radial expansion are calculated corona sheath radial expansion are calculated 
based on assumed line charge distributions.based on assumed line charge distributions.
Application to the Traveling Current Source, Application to the Traveling Current Source, 
the Diendorferthe Diendorfer--UmanUman (DU) and modified DU (DU) and modified DU 
modelmodel..
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Channel-base current

0 1 2( ) ( / ) /( )exp( / )n n ni t I t t tη τ τ= + −
Table 1. Typical lightning current quantities of the negative return stroke 
measured at the top of the tower (according to Berger et al, 1975, Anderson 
& Erikson, 1980)
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Table 2. The channel-base current parameters according to Eq.(3) and the 
measurements given in Table 1. 
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GTCSMGTCSM
The current at the channel base and the initial charge distributThe current at the channel base and the initial charge distribution along the ion along the 
channel are considered as known. The channel discharge function channel are considered as known. The channel discharge function f f is is 
calculated.calculated.
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Assumed analytical form of the leader charge distribution functiAssumed analytical form of the leader charge distribution functionon

(1)
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Table 3. Table 3. The values of the parameters of the leader channel charge The values of the parameters of the leader channel charge 
distribution according to Eq.(1)distribution according to Eq.(1)
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Fig. 4. a) The structure of the corona sheath just prior 
to the return stroke stage,          is the maximum radial 
extent of the negative leader corona sheath, 
is negative breakdown electric field at the outer 
surface of the corona sheath,          is the total 
negative leader charge (Maslowski and Rakov, 2006).

Fig. 4. b) The structure of the corona sheath during 
the return stroke stage,         and         are negative and 
positive charges within         , respectively, where           
is the maximum radial extent of the positive return 
stroke charge,        is the radial extent of the negative 
leader corona sheath during the return stroke,      and 
are positive and negative breakdown electric fields at 
the radial distances        and        , respectively.
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In accordance with the above assumed mechanism of discharge In accordance with the above assumed mechanism of discharge 
and taking into account the GTCSM the line charge density in theand taking into account the GTCSM the line charge density in the
channel can be expressed aschannel can be expressed as
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Outer corona sheath containing net negative chargeOuter corona sheath containing net negative charge

Applying GaussApplying Gauss’’ law on the elementary part of the channel, Fig.4b, one obtainslaw on the elementary part of the channel, Fig.4b, one obtains
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Inner corona sheath containing net positive chargeInner corona sheath containing net positive charge
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Inner corona sheath radius can be obtained solving the equationInner corona sheath radius can be obtained solving the equation

2 ( / )(1 2 ).outv B df du f+ + += −
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Application to the Traveling Current Source (Heidler 1985), Application to the Traveling Current Source (Heidler 1985), 
DindorferDindorfer--UmanUman ((DindorferDindorfer and and UmanUman, 1990) , 1990) 

and modified and modified DindorferDindorfer--UmanUman ((ThottappillilThottappillil--UmanUman, 1994) model, 1994) model
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Table 4. Inner and outer radii and their velocities according toTable 4. Inner and outer radii and their velocities according to the GTCSM during RSthe GTCSM during RS


