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Position and Velocity Distribution Function 
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and time.  It is called the local number density 
or number density.   Therefore, fluid density is 
then related to the position distribution 
function of the number of molecules.   
 

The molecules can also be identified by 
their three velocity components instead of their 
three location components in the physical 
space.  In the velocity space, the molecule can 
be represented uniquely by a point in a 
Cartesian space with the velocity components 
as the coordinates.  The gas in a region of 
interest then is represented by a cloud of N 
points in the velocity space.     
 
 cd
 2c3c
 
 
 
Therefore, we can define
function f,  
1c

 a velo
city distribution 



For ME595/695 Class Use Only (Fall 2004) 

 3

cdfNdN =  
where denotes a differential 
volume in the velocity space.    The velocity 
distribution function provides a statistical 
description of a gas on a molecular level.  We 
can derive an equation for f using a procedure 
similar to that used in the derivation of 
conservation equations at macroscales.   The 
resulting equation, the Boltzmann equation, is 

321 dcdcdcd ≡c
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The Boltzmann equation is difficult to solve 
analytically.  Numerical simulations such as 
direct simulation Monte Carlo (DSMC) method 
and molecular dynamics (MD) method are 
often used. 
 
 
 


