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Maxwell’s distribution law  



 

 

Maxwell–Boltzmann statistics gives the average number of 

particles found in a given single-particle microstate. Under 

certain assumptions, the logarithm of the fraction of 

particles in a given microstate is proportional to the ratio of 

the energy of that state to the temperature of the system: 

                    

 

The assumptions of this equation are that the particles do 

not interact, and that they are classical; this means that 

each particle's state can be considered independently 

from the other particles' states. Additionally, the particles 

are assumed to be in thermal equilibrium. 

https://en.m.wikipedia.org/wiki/Microstate_(statistical_mechanics)


 The denominator in Equation (1) is simply a normalizing 

https://en.m.wikipedia.org/wiki/Maxwell%E2%80%93Boltzmann_distribution#math_1


factor so that the ratios add up to unity — in other 
words it is a kind of partition function (for the single-
particle system, not the usual partition function of the 
entire system). 
Because velocity and speed are related to energy, 
Equation (1) can be used to derive relationships between 
temperature and the speeds of gas particles. All that is 
needed is to discover the density of microstates in energy, 
which is determined by dividing up momentum space into 
equal sized regions. 
 

Distribution for the momentum vector 

 

The potential energy is taken to be zero, so that all energy 

is in the form of kinetic energy. The relationship 

between kinetic energy and momentum for massive non-

relativisticparticles is 

https://en.m.wikipedia.org/wiki/Partition_function_(statistical_mechanics)
https://en.m.wikipedia.org/wiki/Maxwell%E2%80%93Boltzmann_distribution#math_1
https://en.m.wikipedia.org/wiki/Kinetic_energy#Kinetic_energy_of_rigid_bodies
https://en.m.wikipedia.org/wiki/Special_relativity


      

 

 



 



Distribution for Energy 
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Since the energy is proportional to the sum of the squares of the three normally distributed 

momentum components, this energy distribution can be written equivalently as a gamma 

distribution, using a shape parameter,  

 

At equilibrium, this distribution will hold true for any number of degrees of freedom. For 
example, if the particles are rigid mass dipoles of fixed dipole moment, they will have 
three translational degrees of freedom and two additional rotational degrees of freedom. 
The energy in each degree of freedom will be described according to the above chi-
squared distribution with one degree of freedom, and the total energy will be distributed 
according to a chi-squared distribution with five degrees of freedom. This has 
implications in the theory of the specific heat of a gas. 
The Maxwell–Boltzmann distribution can also be obtained by considering the gas to be 
a type of quantum gas for which the approximation ε >> k T may be made. 
 

https://en.m.wikipedia.org/wiki/Gamma_distribution
https://en.m.wikipedia.org/wiki/Gamma_distribution
https://en.m.wikipedia.org/wiki/Specific_heat
https://en.m.wikipedia.org/wiki/Gas_in_a_box

