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The potential difference across a 
thundercloud is typically several million volts

The current in a lightning strike 
can exceed 200 000 amps

Along the path of a lightning strike, the 
air temperature can reach 30 000 K

The sudden heating and expansion of the air 
generates a shock wave that is heard as thunder

80–90% of lightning strikes occur 
within or between clouds, rather 
than between cloud and ground

Nearly 1.4 billion lightning strikes 
per year reach the Earth’s surface

Lightning
Under normal conditions, air is a good insulator. 
It contains very few free electrons or ions 
because collisions between particles are not 
energetic enough to cause ionisation. But in a 
strong electric field, a free electron can acquire 
enough energy to ionise an atom or molecule. 
This produces more free charges, which in turn 
produce an ‘avalanche’ of further ionisation and 
the air become a conductive plasma of positive 
and negative ions. The sudden large current 
produces heating; light is emitted, so we see a 
spark or a bolt of lighting. 

To produce ionisation in a collision, a free 
electron needs kinetic energy of a few tens of eV, 
so it must be accelerated through a few tens of 
volts. An electron typically travels about 100 nm 
between successive collisions with molecules, 
and the field needed to produce a spark in dry 
atmospheric air is about 3 million V m−1.

Lightning bolt

Point discharge

In a thundercloud, convection transports water 
droplets upwards. At altitudes over 10 km, the 
droplets condense and gather together to 
form ‘graupels’ (icy particles). These fall 
through the cloud and acquire negative 
charge by friction and/or induction (the 
process is not well understood). The 
separation of charge creates an electric 
field within the cloud, which acts like a 
large capacitor.

There is also an electric field between 
the cloud and the ground because the 
negative base of the cloud induces a positive 
charge on the Earth’s surface immediately below it.

Charge separation

Lightning conductor 
on Liverpool Cathedral

The electric field close to a charged 
conductor depends on its shape, and is 
strongest near points and sharp corners.

In a thunderstorm, lightning bolts are 
likely to be produced by objects such 
as trees and tall buildings. Lightning 
conductors are designed to extend 
above tall buildings so that the lightning 
discharges through them rather than 
through the building itself. 
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