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Tall objects are often struck by lightning. Electric and magnetic fields at far distances, associated with a lightning
strike to a tall object, are different from those associated with the corresponding lightning strike to flat ground.
Specifically, in the case of strikes to tall objects, the waveforms are oscillatory because of current reflections at
the top and bottom of tall strike object. It would be of great use if the waveform of current in the case of lightning
strike to flat ground could be estimated from the measured waveform of far electric or magnetic field in the case
of the corresponding strike to a tall object.

In this work, a procedure to reconstruct the waveform of far electric field due to the lightning strike to flat ground
from the corresponding waveform of far electric field due to a lightning strike to a tall object. Once the effect of
tall strike object is removed from the measured field waveform, the resultant flat-ground waveform (along with a
return-stroke model) can be used [1] for inferring distribution of lightning current both along the channel and
along the strike object. Computations of far electric fields due to lightning strikes to tall objects are carried out
using the finite-difference time-domain (FDTD) method [2] in the 2D cylindrical coordinate system. The lightning
return stroke is represented by the modified transmission-line model with linear current decay with height (MTLL)
[3].

The electric field due to the corresponding lightning strikes to flat ground, estimated from the electric field due to
a lightning strike to a tall object, is given as follows:
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where 7 is zero or the positive integer, taumax 1 the time at which the electric field due to a lightning strike to a
tall object attains its first peak, E- /i mavima 1S the first peak of the field due to the lightning strike to the tall object,
E. 1anmin1s the minimal value of the field due to a lightning strike to a tall object right after the first peak.
Figure 1 (a) shows FDTD-computed waveforms of electric field at a distance of 50 km from the lightning channel
due to lightning strikes to 300, 400, 500 and 600-m tall objects and to flat ground. Figure 1 (b) shows waveforms

of electric field, due to the corresponding lightning strikes to flat ground reconstructed from the FDTD-computed
waveforms shown in Figure 1 (a).
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Figure 1. (a) FDTD-computed waveforms of electric field, due to lightning strikes to 300, 400, 500 and 600-m
tall objects and to flat ground, at a distance of 50 km from the lightning channel; (b) Same as (a), but with the
effect of tall strike object removed.

References

[1]1Y.Baba, and V. A. Rakov, J. Geophys. Res., vol. 110, no. D3, D03101, doi:10.1029/2004JD005202, 2005.
[2] K. S. Yee, IEEE Trans. Antennas and Propagation, vol. 14, no. 3, pp. 302-307, 1966.

[3]1 V. A. Rakov, and A. A. Dulzon, Tekhnicheskaya Electrodinamika, vol. 1, pp. 87-89, 1987.

This paper's copyright is held by the author(s). It is published in these proceedings and included in any archive
such as IEEE Xplore under the license granted by the “Agreement Granting URSI and IEICE Rights Related to
Publication of Scholarly Work.”



