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1.1 Introduction   

Maxwell–Boltzmann statistics grew out of the Maxwell–Boltzmann 

distribution, most likely as a distillation of the underlying technique. The 

distribution was first derived by Maxwell in 1860 on heuristic grounds. 

Boltzmann later, in the 1870s, carried out significant investigations into the 

physical origins of this distribution. The distribution can be derived on the ground 

that it maximizes the entropy of the system. 

Maxwell–Boltzmann statistics is used to derive the Maxwell–Boltzmann 

distribution of an ideal gas. However, it can also be used to extend that 

distribution to particles with a different energy–momentum relation, such as 

relativistic particles, and to other than three-dimensional spaces. 

 

1.2 Probability function 

For a system containing a large number of identical non-interacting, non-

relativistic classical particles in thermodynamic equilibrium, the fraction of the 

particles within an infinitesimal element of the three-dimensional velocity space 

d 3v, centered on a velocity vector of magnitude v, is given by 

 

Where m is the particle mass, k is the Boltzmann constant, T is 

thermodynamic temperature and f(v) is a probability distribution function, 

properly normalized so that over all velocities is unity 
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The Maxwellian distribution function for particles moving in only one 

direction, if this direction is x, is 

 

 

 
 
 
1.3 Typical speeds 

The mean speed 〈𝑣〉, most probable speed (mode) vp, and root-mean-square 

speed 〈𝑣  〉,  can be obtained from properties of the Maxwell distribution. This 

works well for nearly ideal, monatomic gases like helium, but also for molecular 

gaseslike diatomic oxygen. This is because despite the larger heat capacity (larger 
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internal energy at the same temperature) due to their larger number of degrees of 

freedom, their translational kinetic energy (and thus their speed) is unchanged 
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root-mean-square speed 〈𝑣  〉,   
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In n-dimensional space, Maxwell–Boltzmann distribution becomes 

 

Speed distribution becomes: 

 
 

The following integral result is useful: 

 
 

where Γ(𝑧)  is the Gamma function. This result can be used to calculate the 

moments of speed distribution function: 
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The General distribution of Maxwell–Boltzmann 

 

 

In general        

 


