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Luminosity of the return stroke lightning
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ABHTRACT. This paper reveal s the luminos ity varia.tion d tho return stroke with time am] the diameter
af tho channel. It has boon found that the luminoHit.y at fit'8t increases, atta ining the maxim um at about 4~ sec
And then decreases continuous ly with time of its cloudwerd progress. Furthof. the Jumin08ity decays after the
retu rnstroke phase is over. The luminos ity for larcor channel radii ft'mains for longer time and also tho eubse.
quen t return strokes are more luminous than the prim..rystroke. OUf theoret ic~1 analys is is in good agree ment
with the experimental observations by various workers.
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1. Introdue1lon

Ever since the epoch making experiment by
Benzamin Franklin, man has known little about
the physical properties .or lightning discharges
until recently . Spectroscopy has provided some or
the solutions to this complex phenomenon. Per
haps,Meyer (1894) was th e first to obtain lightn
ing spectra rocorded on a photographic plate. Since
then various authors (Schonland et al. 1935; Schon
land 1937; Orville 1968; Uman 1969) have studied
parameters like velocity, diameter, number or
strokes per flash, electron density and temperature
by spectroscopic observations . The common tech
nique for such observa tions is to expose a lit tl e
par t or the channel to the slit or slit less spectro
graph. However, nothing is known about th e
luminosity or the channel throughout its pro
cess.

I n the present paper the luminosity or the re
turn st roke at various times or ita progress and th e
decay or luminosity or the channel after the re
turn stroke phase h..s been investigated. Our theo
retical resulta are in rairly good agreement with
the experimental observa tions or var ious workers.

2. Tb, o' 1

A cloud to ground lightning flash consists or one
or more negatively charged partial discharges to
wards ground. The first par tial discharge is known
as stepped leader because its luminosity moves
downwards in steps or 50 m with about 50" sec
ti me psuse between the ateps (Schonland 1956).
The stepped leader forges its way downward thro
ugh the virgin air with an average speed or about
(lO"m/acc. When the stepped leader approaches
ground at an altitude or 20 to 70 m, it is met by a
positively charged streamer from the ground
known as return stroke, which aweep up with an

average speed of about 10' m/sec producing th e
electron concentration of the order ' or 10"/m'
(Uman 1969), to the extent of full ionization . The
subsequent negat ively charged partial discharges
due to same cloud charge at irregular intervals
moving downwards in the preionized channels are
known as dar t leaders, F urther, .in turn , dart
leaders initiate the subsequent return strokes.

When the return st roke discharge is over, the
fully ionized channel cools down due to its thermal
expansion and the luminosity decreases slowly
to zero. Luminosity , the luminous flux emitted
by a source per second per unit solid angle is pro
port ional to the intensity of the /lux from the
sam". Therefore, in the present work we have
computed intensity or various lines or emissiou
from tile liglltning, summat ion or which over the
tota l visible frequency range will give the know
ledge or the total luminosity.

To investigate luminosity of the return stroke,
a number or assumptions are made, i.e., (1)
the lightn ing stroke is optically thin, (2) thermo
dynamic equilibrium is attained within the stroke
in a short time compared to the time in which the
transport properties or the channel change, (3) .
the temperaturo and par ticle density in the stroke
at the given time arc approximate ly consta nt
across th e cross-section or the stroke. If the above
assumptions are not made, one is subjected to go
through th e detailed calculations or excitation and
ionizationcross-sections, recombinationrates, tran
sition probabilities etc., many or which are not
known. A complete discussion of the above as
sumption is made in Uman (1969) and they arc
round to exist in lightning,

The intensity or au emission liue due to transition
between two atomic energy levels can be written
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