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Abstract:Abstract:

The intensity of the light pulse radiated from the lightning chaThe intensity of the light pulse radiated from the lightning channel during nnel during 
the return stroke phase is analyzed.the return stroke phase is analyzed.
Accepting the exponential decay of the real lightning return strAccepting the exponential decay of the real lightning return stroke velocity, oke velocity, 
the time dependence of the apparent height and velocity with timthe time dependence of the apparent height and velocity with time is e is 
calculated by the causality consideration. The experimentally obcalculated by the causality consideration. The experimentally observed served 
decrease of the apparent return stroke velocity with height for decrease of the apparent return stroke velocity with height for more than more than 
30% is explained.30% is explained.
Accepting the linear connection between the current in the lightAccepting the linear connection between the current in the lightning ning 
channel and the emitted optical signal during rise time of the cchannel and the emitted optical signal during rise time of the current the urrent the 
total light intensity along the channel is calculated. The assumtotal light intensity along the channel is calculated. The assumption that the ption that the 
heated gas is optically thin (no selfheated gas is optically thin (no self--absorption of the emitted radiation) is absorption of the emitted radiation) is 
accepted. The perfectly conducting ground is assumed with no curaccepted. The perfectly conducting ground is assumed with no current rent 
reflections from the striking point.reflections from the striking point.
Seven return stroke models are considered and compared: transmisSeven return stroke models are considered and compared: transmission line sion line 
(TL), modified transmission line (MTL), Bruce(TL), modified transmission line (MTL), Bruce--GoldeGolde (BG), (BG), travelingtraveling
current source (TCS), Diendorfercurrent source (TCS), Diendorfer--UmanUman (DU), modified DU (MDU) and (DU), modified DU (MDU) and 
the generalized the generalized travelingtraveling current source model GTCScurrent source model GTCS..
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The Apparent Height and the Apparent Return Stroke Velocity

For the computation of the return stroke radiation For the computation of the return stroke radiation 
pattern it is necessary to know the sopattern it is necessary to know the so--called called 
apparent height and the apparent return stroke waveapparent height and the apparent return stroke wave--
front velocity.front velocity.
They represent the height and the velocity of the They represent the height and the velocity of the 
return stroke wavereturn stroke wave--front seen from the observer's front seen from the observer's 
point in some instant of time during the channel point in some instant of time during the channel 
discharge. The existence of straight vertical channel discharge. The existence of straight vertical channel 
without tortuosity is assumed.without tortuosity is assumed.
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Fig.1 The geometry of the problem
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The average return stroke velocity along the channel

v z z d vav

z
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The average apparent velocity seen from the observer’s point M

Example of the Profile of the Return Stroke Velocity

h v t R cM hM= + −Λ Λln[ ( / ) / ]1 0

v z v z( ) exp( / )= −0 Λ
Solving Eq.(1) using Eq.(2) one obtains

(3)



7

Fig.2 The deviation of the average apparent return stroke velociFig.2 The deviation of the average apparent return stroke velocity as ty as 
a function of the apparent return stroke height at h=20m.a function of the apparent return stroke height at h=20m.
a) va) v00=0.5c, b) v=0.5c, b) v00=0.42c, c) v=0.42c, c) v00=0.33c, d) v=0.33c, d) v00=0.25c. The real return =0.25c. The real return 
stroke velocity is constant.stroke velocity is constant.
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Fig.3 The deviation of the average apparent return stroke velociFig.3 The deviation of the average apparent return stroke velocity as ty as 
a function of the apparent return stroke height at h=20m. a) va function of the apparent return stroke height at h=20m. a) v00=0.5c, =0.5c, 
b) vb) v00=0.42c, c) v=0.42c, c) v00=0.33c, d) v=0.33c, d) v00=0.25c. The real return stroke velocity =0.25c. The real return stroke velocity 
decreases exponentially.decreases exponentially.
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Fig.4 The deviation of the average apparent return stroke velociFig.4 The deviation of the average apparent return stroke velocity as a ty as a 
function of the apparent return stroke height at h=20m. The realfunction of the apparent return stroke height at h=20m. The real return return 
stroke velocity decreases exponentially. a) stroke velocity decreases exponentially. a) ΛΛ=1 km, b) =1 km, b) ΛΛ =2 km,=2 km,
c) c) ΛΛ =4km, d) =4km, d) ΛΛ →→ ∞∞. . 
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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)

2.342.344.24.2232329.729.7

QQ00 (C)(C)ττpp ((µµss))((didi //dt)dt)maxmax(kA/(kA/µµss))ii0max0max (kA)(kA)

Table 2. The channel-base current parameters according to Eq.(3) and the 
measurements given in Table 1. (Cvetic et al, 2000)

(3)

200020000.60.675.775.71.661.664.834.830.9460.94629.729.7

λλ(m) MTL(m) MTLττ dd((µµss) (DU)) (DU)ττ 22((µµss))ττ 1 1 ((µµss))nnηηI (kA)I (kA)
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TL model (TL model (UmanUman & McLain, 1969& McLain, 1969))

MTL model (MTL model (NucciNucci et al, 1988)et al, 1988)

i z t i t z v u t z vav av( , ) ( / ) ( / ) ,= − −0 u − Heaviside (unit) function

0( , ) ( / ) exp( / ) ( / )av avi z t i t z v z u t z vλ= − − −

Fig.5 The total light intensity emitted during the rise time of Fig.5 The total light intensity emitted during the rise time of the channelthe channel--
base current for close distance r=0.1km, according to the TL andbase current for close distance r=0.1km, according to the TL and MTL MTL 
models. The real return stroke velocity decreases exponentially.models. The real return stroke velocity decreases exponentially.
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BG model (Bruce & BG model (Bruce & GoldeGolde, 1941, 1941))
i z t i t u t z vav( , ) ( ) ( / )= −0

TCS model (Heidler, 1985 TCS model (Heidler, 1985 ))
i z t i t z c u t z vav( , ) ( / ) ( / )= + −0

Fig.6 The total light intensity emitted during the rise time of Fig.6 The total light intensity emitted during the rise time of the channelthe channel--
base current for medium distance r=1km, according to the BG and base current for medium distance r=1km, according to the BG and TCS TCS 
models. The real return stroke velocity decreases exponentially.models. The real return stroke velocity decreases exponentially.
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DU model (DU model (Diendorfer & Diendorfer & UmanUman, 1990, 1990))

i z t i t z c i z v t z v u t z vd( , ) { ( / ) ( / ) exp[ ( / ) / ]} ( / )= + − − − −0 0 τ

Fig.7 The total light intensity emitted during the rise time of Fig.7 The total light intensity emitted during the rise time of the channelthe channel--
base current for close distance r=0.1km, according to the DU modbase current for close distance r=0.1km, according to the DU model. The el. The 
real return stroke velocity is constant and chosen as a parametereal return stroke velocity is constant and chosen as a parameter.r.
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MDU model (MDU model (ThottappillilThottappillil et al, 1991et al, 1991))

i z t i t z c i z v t z v u t z vav av d av( , ) { ( / ) ( / ) exp[ ( / ) / ]} ( / )*= + − − − −0 0 τ
v v c v cav av av

* / ( )= +

Fig.8 The total light intensity emitted during the rise time of Fig.8 The total light intensity emitted during the rise time of the channelthe channel--
base current for close distance r=0.1km, according to the MDU mobase current for close distance r=0.1km, according to the MDU models. dels. 
The real return stroke velocity decreases exponentially.The real return stroke velocity decreases exponentially.
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Fig.9 The comparison of the total light intensity emitted duringFig.9 The comparison of the total light intensity emitted during the rise the rise 
time of the channeltime of the channel--base current for close distance r=0.1km, according to base current for close distance r=0.1km, according to 
the DU and MDU models. the DU and MDU models. 
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GTCS model (GTCS model (CveticCvetic & Stanic, 1995)& Stanic, 1995)
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 initial charge distribution functAssumed analytical form of the initial charge distribution functionion

(4)

3355257257229.19.1b)b)
1100300300558.28.2a)a)

mmλλ dd (m)(m)λλ 22 (m)(m)λλ11 (m)(m)QQ''
01 01 ((mmC/mC/m))CurveCurve

Table 3. Table 3. The values of the parameters of the initial channel charge The values of the parameters of the initial channel charge 
distribution according to Eq.(4)distribution according to Eq.(4)
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Fig.9 The total light intensity emitted during the rise time of Fig.9 The total light intensity emitted during the rise time of the channelthe channel--
base current for close distance r=0.1km, according to the GTCS mbase current for close distance r=0.1km, according to the GTCS model. odel. 
The real return stroke velocity has the constant value, vThe real return stroke velocity has the constant value, v00=0.33c. =0.33c. 


