Doshisha University Life Risk Research Center
Discussion Paper Series No. 2009-03

BREEEBODIRETIEESEHUR

NILRAETE~DIGH

R85 554
([RIEA R T 22ER)

Lo Rk
Aceareh Conter

Discussion Paper Series



MZEM oAz, &S, W, SR s R O e % 4 4
BT HHHERBEATRETIET LV TH D,
BATRBEINDEIRSALEMEEICL Y EBHTEDH BB CE BRSOV AFEL
DL BN, BEITTFEETNANRTERDA & ZIITK
W B AR B0 D E L & D R 7 BRI IR 3 A o
DT EiFen, LA, BRIEOHE, £,
WO EEOE A, B E 0 E PSR & 2R &

RS L AR A DI

3
S
e
Y
S
H
IS
3
N,
;
(\r
E&i

By &Hah*

Review of Engineering Models of the Lightning Return Stroke and Their Application to
Lightning Electromagnetic Pulse Calculations
Yoshihiro Baba™®, Member

In this technical note, recently proposed engineering models of the lightning return stroke and their application to lightning
electromagnetic pulse calculations are reviewed and evaluated. In Section 2, the transmission line model and the traveling current
source model, which have been used most frequently out of engineering models of the lightning return stroke attached to flat
ground, are described. Then, two models, which have been proposed recently and can reproduce all of five features observed in
typical measured lightning electromagnetic field waveforms at different distances from a lightning channel, are explained. In
Section 3, two models for the lightning return stroke attached to a tall grounded object are reviewed. One is the distributed shunt
current source model, and the other is the lumped series voltage source model. In Section 4, expressions for calculating electric
and magnetic fields radiated from a lightning return stroke channel (and a tall strike object if present), from the current
distribution along the lightning channel given by an engineering return stroke model, are shown. Three different expressions for
electric field are shown here. The first one is a most widely used expression derived using Lorentz condition, the second one is an
expression derived recently using the continuity equation, and the last one is an expression valid only in the restricted condition
that the return stroke wavefront speed is equal to the speed of light and a return stroke current wave propagates without
attenuation or dispersion. In Section 5, new findings obtained from electromagnetic calculations using the engineering models for
the lightning return stroke attached to a tall object are shown. For example, the vertical electric field in the vicinity of a tall strike

object is reduced significantly by the presence of the tall object, while remote electric and magnetic fields are enhanced by it.
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Fig. 1. Conceptual illustrations for (a) the TL model and (b) the TCS

model.
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Fig. 2. Waveforms of current at different heights along a lightning

return stroke channel calculated using TL and TCS models.
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Fig. 3. Features found in typical measured vertical electric and
azimuthal magnetic field waveforms associated with first and subsequent

return strokes.
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Fig. 4. Waveforms of current at different heights along a lightning
return-stroke channel calculated using MTLD2 and MDUD models.
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Fig. 5. Equivalent representation of a lightning return stroke attached to
flat ground using distributed shunt current sources.
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