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In 1991, NASA launched the BATSE satellite 
to investigate Gamma-Ray Bursts. These 
are flashes of gamma rays that happen 

billions of light years away from Earth. What 
is incredible about them is that a typical burst 
releases as much energy in a few seconds as 
the Sun will in its entire 10-billion-year life. 
One day the satellite reported a burst that did 
not come from outer space but from its back 
– from Earth. The satellite was smart enough 
to locate the source: it was a huge thunder-
cloud. Such bursts we now call Terrestrial 
Gamma-Ray Flashes or TGFs for short. Few 
years after the discovery, the TGFs were asso-
ciated with a lightning strike. Incredible, but 
they happen just before the lightning strike; 
they precede it by several milliseconds. 
Luckily for us, the TGFs are not as energetic 
as cosmic Gamma-Ray Bursts, but up to now 
the TGFs are still the most energetic electro-
magnetic events in our atmosphere. Single 
gamma photons in a TGF can reach up to 100 
MeV energy. Moreover, ground observations 
show that the lightning tip emits short bursts 
of x-ray radiation when lightning approaches 
the ground. We do not know whether and 
how these two phenomena are related to 
each other, but it is definitely true that some-
thing happens in our atmosphere that we do 
not completely understand. And since we 
use the atmosphere very actively for trans-
portation, we had better understood these 
phenomena. That is the topic of the STW 
project “Understanding Lightning”, which 
started in 2010 with two PhDs: me at TU/e 
and Chr. Koehn at CWI in Amsterdam.

Transient luminous events (TLEs)

In the 1920s, the Scottish physicist C.T.R. 
Wilson already predicted that electrical 
breakdown should occur not only in thunder-
clouds but also high above them.  Although 
such high-altitude electrical discharges 
were reported by aircraft pilots for several 
decades, the first direct visual evidence was 
documented only in 1989. There are different 

types of these discharges and their collective 
name is Transient Luminous Events (TLEs). 
The most common were named ‘Sprites’. They 
propagate up to ionosphere and stretch over 
dozens of kilometers and are many kilometers 
wide.

Lightning itself is a wonderful and mysterious 
phenomenon on Earth. Lightning has always 
existed on our planet. It could have triggered 
life. Every single second 100 lightning strikes 
occur on Earth. Each strike carries energy 
equivalent to a hundred liters of petrol.  But 
its enormous power often becomes destruc-
tive. Death, injuries, fires, burnt equipment, 
danger for airplanes, and migraines could be 
caused by lightning. But we don’t even know 
in detail how lightning initiates!

Long laboratory sparks

In the high-voltage laboratory at Eindhoven 
University of Technology we investigate 
different aspects of lightning. With the 2 
MV electrical generator, we create meter-
scale laboratory sparks that share many 
features with natural lightning, including the 
hard radiation. So we want to explain how 
long laboratory sparks develop in order to 
contribute to the knowledge of atmospheric 
phenomena. And we were doing pretty well 
so far, we found an excellent candidate that is 
responsible for the radiation – the encounter 

of streamers, which are eerie precursors of a 
discharge. Moreover, the same process has 
been observed recently in natural lightning. 
To our great surprise, we also documented 
a structure in the laboratory that strikingly 
resembles the upper-atmospheric sprite. The 
structure itself was already known as a pilot 
system, but with high-resolution photog-
raphy we have shown that it has many 
similarities to the sprites, although its size 
is four orders of magnitude smaller.  These 
results were recently presented on American 
Geosciences Union and its relevance was 
commonly acknowledged. 

We have recently realized that lightning is only 
one, although important, part of a complex 
atmospheric ensemble. Many players were 
simply invisible for us for a long time. Now we 
want to put the pieces of the puzzle together 
to hear the entire composition. 

Subtle nature of lightning
By: Pavlo Kochkin

Hard radiation associated with lightning discharge

12 | connecthor 

I Research: EES


