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Witnessing Lightning



What is Lightning??

Fire stone ?

Fire Axe?

Vajra ?



What did our ancestors perceive? 



• Lightning is believed to have been occuring on earth long before the existence 
of life on it.

• Lightning is attributed to be responsible for the production of the biochemical 
molecule of life.

• Every human civilization has always had a wholesome respect and fear for the 
power of the lightning flash.

• Our ancestors believed that the unpredictable power of the thunderbolt lay in 
the hands of divine powers.

When did lightning 
strike the earth for 
the first time?



Hindu Scandinavia
Buddhism



China

North America

Zeus- Greek



Shango (inYoruba)
Or Changó (in Latin America

Guaranian (Brazil)

Africa



Prevailing misconception -Nepal



A journey of Scientific Research





… such dangerous experiments were stopped after the tragic 
death of Prof. Richmann (1753) …



Georg Wilhelm Richmann was killed by 
lightning: Georg Wilhelm Richmann, was a 
Baltic German physicist. He proved that 
thunderclouds contain electric charge. He was 
born in Pernau in Swedish Livonia.



• Kite, Balloons, rockets etc.

Franklin’s experiments aroused enormous interest, and in 1753, Romas, a 
egional lawyer at Gascogne, repeated the experiment.

Following the kite experiment, other tools such as air balloons, mortars and 
rockets were used to tap the electric charge in the thundercloud.

Prof. Giambatista Beccaria University of Torino Italy, used rockets as early as 
October, 1753, to draw the electrical charge.   

Sketch of Air Balloons, Mortars and 
Rockets used for drawing electric 
charge from clouds- from Landriani 
-1784



Although, the outcome of these experiments was a great breakthrough in 

the field, there was no significant development in understanding lightning 

until late nineteenth century.

After Benjamin’s experiment, there was no significance progress in understanding lightning 
until late 19th century   

The real scientific progress was initiated 

by the use of lightning photography on a 

moving film or plate by Hoffert (1889) in 

England. 

Followed by Weber (1989) and Walter 

(1902-1918) in Germany and Larsen 

(1905) in USA.



Photography

• The earliest reported photography of lighting was due to Kayser (dated back 
to 1884) who successfully took a still photograph of a lightning flash

• Hoffert (1889) and Weber (1889) have also used ordinary cameras to take 
time resolved photographs of multiple stroke flashes

• Walter (1902, 1903..) in Germany photographed lightning flash using a 
camera whose motion was controlled by a clock- work mechanism.  

• Larsen (1905) in USA, reported a flash composed of as many as 40 strokes 



• The double lens streak camera, invented by Boys in 1900 (England), 
made it possible for the major understanding of the lightning 
phenomona. Schonland and his co-workers made optimal use of the 
Boys camera in 1930’s and after, leading to various facts about lightning. 



About the same time, Pockels (1897) began to measure the amplitudes of 
lightning current which lead to the development of magnetic links. 

• Pockels discovered that basalt rock in the vicinity of lightning strikes was 
magnetized and deduced currents on the order of 10,000 amps in 1897

• Pockels presumably had measured the magnetizing effects of large currents on 
basalt and was able to scale those experiments to estimate the current associated 
with the lightning.



• The beginning of modern era of lightning research can be attriuted to Wilson 
(1916) who got the nobel prize (1927) for the invention of cloud chamber to 
track high energy particles. Wilson was the first person to measure the electric 
field and estimated the charge structure in the thunderstorms and charge 
involved in the lightning discharge using gold leaf electroscope 

• Following Wilson, Appleton, Watson-Watt and Herd used String Electrometer 
to measure steady charge in a thundercloud   



• Measurement of lightning Current

• First measurement of lightning current using stroke recorder were 
reported by Spron & Lloyd (1930) and Smeloff and Price (1930)

• Herald Norinder and co-workers (Sweden) used loop antenna to measure 
the lightning current (Norrinder and Dahle- 1945, Norinder- 1956,  



• Spectroscopy

Mayer (1884) used diffraction grating and photographic plate to obtain the 
spectra pertinent to the lightning flash.

Freese used an objective prism in front of a telescope to obtain the 
spectrum on a photographic plate. The results were being published by 
Pickering in 1901. 



• Thunder

First recordings of the pressure variations due to thunder was published 
by Schmidt in 1914. He used a single holed box with a suspended metallic 
plate in one setup whereas he used a megaphone to record the pressure 
variation due to thunder. 



• In the recent past (period after 1970), the lightning research has 
progressed significantly due to the fact:

1. Development of new techniques of measurements (taking data and 
analyzing) using high speed tape (before 1990) and digitization and 
storage of data under computer controlled signals (after 1990)

2. Motivation provided by the lightning damage to aircraft, spacecraft, 
electrical appliances electronics including computers and modern 
gadgets

Recent Progress



Present day Knowledge about Lightning 

During the day, the sun heats the air near the ground and causes it to rise. When the rising air reaches a certain 
level in the atmosphere, cumulus clouds start to form. Under certain atmospheric conditions, these cumulus clouds 

to grow into an anvil-topped thunderstorm cloud (cumulonimbus).



Micro Physics

Here in the central part of the storm, very tiny ice crystals collide with soft pellets of hail in the 
presence of tiny liquid cloud droplets.  After the collisions, where cloud temperatures are between -

15oC and -25oC, the ice crystals become positively charged and the soft hail becomes negatively 
charged. Where cloud temperatures are between -10oC and -15oC (not shown), the ice crystals become 

negatively charged and the hail becomes positively charged.



Charged Thundercloud

The very light ice crystals are carried upward by the updraft winds.  In comparison, the larger and denser soft hail is 
suspended or falls.  As a result, the top of the storm cloud becomes positively charged while the central to lower part of the 

storm becomes negatively charged.  A small positive charge forms in the lower part of the storm.



Thunderstorms
Under the charged thunderstorm
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A Lightning Flash

Courtesy of Dr. Marcelo Saba
National Institute For Space Research, Brazil



Replicating lightning-
enhancing our knowledge 



Various Facets of lightning



Radio waves generated by 

lightning create voltages and 

currents in electrical installations

Radio waves Radio 
waves

Detecting lightning with electromagnetic radiations 

Physics in Ligtning

Marconi built a storm alarm  in 1894, utilizing radio waves 
generated by lightning.



Electric field measurement



Magnetic Field measurement

AMR Sensor 
Loop Antenna



Optical Investigation 



Lightning may have created the first building 

blocks of life on Earth

Chemistry with Lightning



Nitrogen atom

Oxygen 

atom

Temperature

25 0C

Temperature 

30,000 0C

Temperature

25 0C

Nitrogen 

Oxide
Ozon

Lightning can create 
Nitrogen Oxides in air



Nitrogen Cycle



Mathematical Models replicating Lightning Return Strokes

Mathametics in Lightning



Frequency Spectrum (FFT)-A Mathametical tool



Wavelet Transform

Positive Return Stroke Negative Return Stroke



Multifractal technique to replicate lightning



Lightning in Engineering



Direct and indirect threat of Lightning

MCR

110 kV

data

TV
400/230 V

ABC Company

mobile phone

telephone
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Lightning threat within a range of 2 km



Electrical surges/transients



Electric City
My digital house





Protecting lightning surges with SPDs

Response Time: It is the time at which the varistor starts conducting after the occurrence of the surge, 
in many instances, there isn’t an exact response time. The typical response time is always fixed as 
100nS.



Characterisitcs of a Varistor

A varistor

Spikes or Surges



Lightning in the upper Atmosphere



EM Wave in Earth-Ionosphere waveguide



Lightning sferics (Schumann Resonance)



Lightning ELF (Schumann Resonance)



Transient Luminous Events (TLEs)



Energetic Radiation with Lightning

X-Rays with lightning



Terrestrial Gamma Rays

Proposed TGF production mechanismsThe first TGF observed by the BATSE 

spacecraft (Fishman et al., 1994)

https://vlfstanford.ku.edu.tr/research_topic_inlin/terrestrial-gamma-ray-flashes/#fishman94


Lightning and Climate Change

Photographed by: 
Shriram Sharma 



The Walker Circulation

Lightning as a Tool to Study the Climate

58Lightning and Climate Change



Daily Variability of Tropical Temperatures and Lightning Activity
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Colorado

Is Lightning Itself
Important for

Climate Change?

Tropospheric  Chemistry

New Mexico

Brazil

NOx

(Germany)
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Lightning and Climate Change



Significance/Scope of Research in the contemporary global society

• Around 24000 people/year  are estimated to have been losing lives globally.

• Trillions of Dollars worth Physical property can be estimated to be damaged 
each year globally (directly or indirectly).

• With the technological advancement particularly in communication and 
computations availed with the solid state devices, the threat of lightning.

• As of today, our knowledge on the Physics of lightning limited and it has not 
been fully understood. There are several issues that remain unresolved and 
the scientists are in quest of:  



Unresolved Issues pertinent to lightning
A. Initiation of lightning in the cloud-

By what physical mechanism or mechanisms is lightning initiated in the 
thundercloud? What is the maximum cloud electric field magnitude and over 
what volume of the cloud? What, if any, high energy processes (runaway 
electrons, X-rays, gamma rays) are involved in lightning initiation and how? Do 
the cosmic radiation play role in lightning initiation? 

B. Propagation of Lightning-

What physical mechanisms govern the propagation of the different types of 
lightning leaders (negative stepped, first positive, negative dart, negative dart-
stepped, negative dart-chaotic) between cloud and ground and the leaders 
inside the cloud?



C. Attachment of leaders
• What is the physical mechanism of leader attachment to elevated objects on the 

ground and to the flat ground? What are the characteristics of upward connecting 
leaders from those objects or from the ground?

D. Compact Intra-cloud events
• What is the physics of compact intra-cloud discharges (CIDs) (that produce a narrow 

bipolar event or NBE? How are CIDs related to other types of preliminary breakdown 
pulses? Are CIDs related to the Terrestrial Gamma-Ray Flashes (TGFs) observed on 
orbiting satellites or to the Transient Luminous Events (TLEs)photographed above 
cloud tops, particularly to so-called ‘‘gigantic jets’’?

E. Production of X-rays and T-Gamma-Rays 
• By what physical mechanisms do lightning leaders emit pulses of X-rays? Do X-rays 

and other high energy radiation affect cloud electrification and play a role in lightning 
initiation? By what physical mechanisms are Terrestrial Gamma-Ray Flashes (TGFs) 
produced?

Unresolved Issues pertinent to lightning...



E. TLEs
• How do cloud-to-ground and intra-cloud lightning affect the upper atmosphere and 

ionosphere? What are the physics of the Transient Luminous Events (TLEs), ‘‘Sprites’’, 
‘‘jets’’, and ‘‘elves’’? What is the energy input into the ionosphere/magnetosphere 
from lightning?

F. Ionospheric Perturbation
How do thunderstorms and lightning perturb the ionosphere? How does 
lightning contribute to the total electron density of the ionosphere? 
G. Harnessing the energy
Can we harness the energy released during the lightning discharge?  Is there any 
technique to attract /or divert lightning? 

H. Lightning and Climate change
Can lightning be used as the proxy of climate change? Global warming? Will the 
lightning activities increase or decrease in the future climate? 

Unresolved Issues pertinent to lightning...



Thank you


