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Abstract: Cosmic rays are high energy particles originating from outer space. These cosmic rays produce 

secondary cosmic rays as they enter the atmosphere and generate runaway electrons. The generation of 

runaway electrons in the relativistic region of the atmosphere is the focus of this work. To achieve our aim, 

basic consideration is given to the cold electron having mean velocity which is less than electron thermal speed. 

The effects of  force on these electrons are obtained. From the result, it shows that cosmic ray breakdown 

occurs in the atmosphere within the relativistic region and the electrons are accelerated by the electric field. 

Hence there is an exponential increase of the fast electrons. This exponential increase in fast electron in the 

atmosphere could be the basic reason for the spontanouse characteristic behavour of most atmospheric 

processes. 

 

I. Introduction 
Most cosmic rays are thought to originate outside the solar system, with many coming from within our 

Milky Way Galaxy, and a few arriving from other galaxies, (James, 1998). This cosmic ray produce secondary 

particle which can be sufficiently energetic to contribute themselves to further ionization of the neutral gases. 

Due to their charges, cosmic ray particles are additionally deflected by the geomagnetic field. Almost all 

particles can penetrate into the polar region, where the magnetic field lines are perpendicular to the ground, 

where as only the most highly energetic electron particles of these cosmic rays with energy above 15Gev are 

able to penetrate the lower atmosphere near the equator, (Devendra and Singh,2010). Such energetic electrons 

are present in the atmosphere as secondaries generated by cosmic rays electron accelerated in fully ionized 

atmosphere. However, cosmic rays are the only source of ion production in the lower atmosphere which is 

confirmed from the measurements carried out by Ermakov and Komotskov (Ermakov et al, 1992). Therefore, 

the processes, depending on the electrical properties of the atmosphere such as atmospheric electric current, 

lightening production, cloud and thunder cloud formation etc, can be affected by cosmic rays. For studying 

cosmic ray ground based observatories covering large areas are needed because the flux of cosmic rays gaze too 

low at these energies for direct measurement by balloons or satellite based experiment (Apel and Arteage, 

2011).                                                                                    

The cosmic rays exert much influence on the Earth’s atmosphere since many atmospheric processes 

(e.g. atmospheric electric current, cloud and thundercloud formation, concentration of heavy and light ion) are 

defined by their electrical properties (Harrison and Stephenson , 2006).  

At certain altitudes, cosmic rays are believed to be a source of atmospheric ionization and could be 

responsible for electrical conductivity of the atmosphere at lower altitudes. It has been reported that ion 

production rate in the atmosphere and cosmic ray intensity variations could account for atmospheric current and 

lightning occurrence at middle latitudes. Wilson, (1924) suggested that thunderstorm electric field could 

accelerate cosmic ray secondary electrons to high energies (Wilson, 1924). The showers of energetic particles 

produced by such high energy cosmic rays could provide a conducting path that initiates lightning (Gurevich et 

al, 1999). In nature, runaway phenomena occur in lightning path and a variety of astrophysical situations 

(Wilson, 1925). Charge separation in a thundercloud results in buildup of an electric field between the top and 

bottom. One might expect that the breakdown potential for lightning in a thundercloud is close to the typical 

potential measured in air, but investigations have revealed a much lower breakdown potential (Gurevich, 1992; 

Aleksandr et al, 2009). This occurs due to the above avalanche electron in which low-energy electrons are 

knocked into runaway by high-energy electrons, with the original high-energy electrons presumably generated 

by a cosmic ray or radioactive decay of an atmospheric atom. Such high-energy electrons can have a mean free 

path of a few kilometers over which they gain even more energy.  

      

II. Methodology 
In this work, consideration is given to the secondary electrons generated by cosmic rays which are 

influenced by the electric field in the atmosphere. If cold electron has mean velocity   less than the electron 

thermal speed   , it will undergo a dynamical frictional force, and according to Milikh is given by; 
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this will be used to derive the equation which shows the rate of electron breakdown in the atmosphere within the 

relativistic region.  

  

III. Result 
From equation (1), 

   
       

    
      

If we consider a fast electron having larger velocity with its dynamical frictional force reduced when the 

velocity increases, the force will be  
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But electric field intensity,   
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This shows that the electrons are accelerated by the electric field. 

 

IV. Discussion And Conclusion 
From the result, in equation (2), the frictional force opposes the motion of electrons moving in a 

distribution of field particles. And as the frictional force tends to the relativistic factor, in equation (3) it will 

decrease gradually. The introduction of a dimensionless parameter is to show that the electric field is larger than 

minimum. This is because, when the magnitude of the frictional force is minimum, the electrons move 

relativistically, which implies that some of the cosmic ray electrons have energy higher than the critical field 

and in turn are able to generate fast electrons. In equation (6), it shows that the production of these fast electrons 

is accompanied by an exponential increase in the number of thermal secondary electrons. This is in agreement 

with Gurevich et al (1992). That is, the is an electrical breakdown of gas. This describes a mechanism for air 

breakdown in which high energy electrons are accelerated by electric fields to relativistic energies. This is in 

comparison with Tierney,et al. Hence there is an exponential increase of the fast electrons. This exponential 

increase in fast electron in the atmosphere could be the basic reason for the spontanouse characteristic behavour 

of lightening production and the occurrences of other atmospheric perturbation.   
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