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 There are “engineering models” for lightning (fields and currents), which are basically various 
postulated forms of currents consistent with the observed fields.  These do not, in general, lead to a unique 
solution.  They do, however, serve a useful purpose of summarizing lighting fields for some testing 
purposes.  
 In contradistinction to this there are physics-based models.  In this case one starts with the physical 
processes such as air breakdown, heating, Maxwell equations, etc. and computes the resulting currents and 
fields.  These, of course, can be compared to measurements.  In addition, such predictions can be used to 
design new experiments to test the models and lead to improved models.  This paper reviews the progress 
made in this area.  
 The story begins with [1].  In this paper a model known as the corona model is proposed.  In this 
model the current is assumed to lie in a narrow channel (mm or cm radius).  The charge, however, is 
assumed to lie on the surface of a circular cylinder (the corona), the radius being determined by the 
breakdown field strength of air.  Using a common transmission-line model of a wire antenna (with return 
path radius related to wavelength), nonlinear equations are established.  These admit of analytic solutions.  
The most important result gives an electromagnetic shock solution with speed of approximately c/3.  This 
result is based on a logarithm of the ration of above radii and is insensitive to the exactly values.   
 With this success the model has been adapted to other situations.  In [2] I considered the conditions 
near the beginning of the return stroke.  In this case the corona does not have time to expand to its full 
value based on charge per unit length.  So a conical shape of the corona surface was used here, with radius 
essentially zero near the initiation point.  This led to an early return-stroke speed approaching c, this also 
being consistent with some recent measurements.   
 This model has also been applied to leader pulses [3] [4]. The physics is similar to the return stroke, 
but with different numbers resulting.  In particular there are both expanding and contracting corona with 
current pulses propagating in two directions, each with different properties.  This would seem to explain 
some of the observed data.   
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