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Correspondence

Comments on “On the Concepts Used in Return Stroke  density for different models. On the one hand, the first term on the

Models Applied in Engineering Practice” right-hand side of equation (17), the negative of the total current di-
vided bye (the speed of light), is interpreted as the “transferred” charge
V. A. Rakov, R. Thottappillil, and J. Schoene density, and the second term, the integral of the corona current, is inter-

preted as the “deposited” charge density. This charge density division
is implied in the description that immediately follows equation (17). It
In the above paper [1], which is an important contribution to thg this division that was applied to the DU model, as is clear from equa-
lightning return stroke modeling literature, Cooray shows that any efions (B6), (B5), and (B12). On the other hand, for the TL model, both
gineering model implying a lumped current source at the lightningrms on the right-hand side of equation 17 contribute to the “trans-
channel base [any transmission-line (TL) type model] can be formggrred” charge density in the TL model given by equation (18), which
lated in terms of sources distributed along the channel and progrgsthe only charge density component in this model.
sively activated by the upward-moving return stroke front. This has pre-The charge-density formulation of engineering return-stroke models
ViOUSly been demonstrated for one model [mOdlfled transmission'”nﬂroduced in [4] reveals new aspects of the physica| mechanisms be-
model with exponential (MTLE) current decay with height] by Rachidhind the models that are not apparent in the traditional longitudinal-cur-
and Nucci [2]. The approach suggested by Cooray [1] has already begft formulation. For example, it is clear from the charge-density for-
used by Rachidet al. [3] to generalize five engineering models inmulation of the TCS model (and the DU model) that the distribution
order to take into account a tall strike Object. A few comments on tl& the total Charge density a|0ng the channel is bip0|ar during the re-
above-mentioned paper, follow. turn-stroke process (see [4, p. 6992]). This distribution is such that there
Cooray [1, Appendix B2], states that the division of the total charggists negative charge at and near the channel base, apparently due to

densityintoits “deposited” and “transferred” components givenby Thohadequate rate of removal of charge from the bottom of the channel.
tappillil et al.[4, Table 1] for the Diendorfer-Uman (DU) model is “notThe latter condition may be primarily associated with the unrealistic
exactly correct” and suggests an alternative division, his equations (B tsumption that the current reflection coefficient at the ground is equal
and (812), which he refers to as the “correct division.” The two diﬁere% zero in both the TCS and DU models. Such a bip0|ar Charge density
divisions, however, are equivalent, since they both satisfy the definitiogigtribution near the bottom of the channel yields electric field wave-
of the “deposited” and “transferred” charge density components intfigyrms at very close distances (some tens of meters or less) from the
duced by Thottappillietal.[4, p. 6991]. Indeed, the “transferred” chargechannel base that are inconsistent with measurements (Scabahe
density component is defined as having a nonzero value only when {58, while more distant fields are predicted reasonably well. The ex-
currentflows, andvanishingwher- cc. Boththe “transferred”charge pected value of the current reflection coefficient at ground in a practical
density component of Thottappilkt al.[4, Table 1], and [1, eq. (B12)], situation is near 1, which corresponds to nearly short-circuit conditions.
satisfy this criterion. Similarly, the definition of the “deposited” chargeieidler and Hopf [6], [7] have modified the TCS model to allow one to
density component (nonzero both when the current flows and after #}gecify any current reflection coefficient at ground. This modification
current ceases to flow) equally applies to this component given in Thefakes the model more realistic but requires taking into account mul-

tappillil etal.[4, Table 1]and to [1, eq. (B11)]. We do not see any reasqjple reflections within the lightning channel.
to prefer either one of these two equivalent divisions, in view of the total

charge densities being equal atalltimes. Note thatthe “deposited” charge

density componentis not required to be a function of time, as apparently

is assumed by Cooray for the case of the DU model.
Further,itisworthnotingthatthedivisionofthetotalchargedensityinto (1] \; cooray, “On the Concepts Used in Return Stroke Models Applied in

its deposited and transferred components was originally introduced by = Engineering Practice JEEE Trans. Electromagn. Compatol. 45, pp.

Thottappilliletal.[4] for the TL-type models (the same as “current prop- 101-108, Feb. 2003.

agation” models in Cooray’s terminology), and then the conceptwas for-[2] F. Rachidi and C. A. Nucci, “On the Master, Uman, Lin, Standler, and

. the modified transmission-line lightning return stroke current models,”
mally extended to traveling current source (TCS) type models (the same J. Geophys. Resvol. 95, no. 20, pp. 389-394, 1990.

as “current generation” models in Cooray’s terminology). While for the [3] F.Rachidi, V. A. Rakov, C. A. Nucci, and J. L. Bermudez, “The effect of
TL-type models, the concepthasaclearphysicalmeaning (thetransferred vertically-extended strike object on the distribution of current along the
chargeisassociated withthe longitudinal channelcore currentandthe de-  lightning channel,J. Geophys. Resvol. 107, no. D23, p. 4699, 2002.
posited charge with the radial currentresulting inthe neutralization of thel® R: Thottappillil, V. A. Rakov, and M. A. Uman, "Distribution of charge

; along the lightning channel: relation to remote electric and magnetic
corona sheath formed around the core by the preceding leader), for the ﬁeldg and t% retu?n_stroke models). Geophys. Resvol. 102 pg.

TCS-type models the concept of the two charge density components ap-  6987-7006, 1997.
pears to be largely a mathematical formalism. [5] J.Schoene, M. A.Uman, V. A. Rakov, K. J. Rambo, J. Jerauld, and G. H.
Additionally, there is an apparent discrepancy in [1], in the defini- Schnetzer, “Test of the transmission line model and the traveling current

; “ " : « P source model with triggered lightning return strokes at very close range,”
tions of the “transferred” charge density and the “deposited” charge 557 ans. Suppl. AGWol. 83, no. 47, p. F101, 2002.

[6] F. Heidler and C. Hopf, “Lightning current and lightning electromag-
Manuscript received April 1, 2003; revised April 28, 2003. netic impulse considering current reflection at the Earth’s surface,” pre-
V. A. Rakov and J. Schoene are with the Department of Electrical and sented at the 22nd Int. Conf. on Lightning Protection, Budapest, Hun-
Computer Engineering, University of Florida, Gainesville, FL 32611-6130 gary, 1994, Paper R 4-05.
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