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1. Derivation of the Boltzman Equation

We describe position of an object in the 6 dimensional phase-space using a vector:

@ = (Z, 7). (1)

Velocity, with which the object moves in the 6D space, is:
w = (-’5',“7) = ({", —6¢) (2)

The distribution of objects is the phase-space is described by the phase-space density f(u,t).
Consider a small 6-d cubic volume in the phase-space. The volume of the cube is

AV = AzAyAzAv,Av,Av,. (3)

The question is how to find the change in mass Am = A fAV of the volume in a At time interval.
The mass will change because our “fluid” moves through the box: some mass moves in and some
mass leaves the volume. Let’s count amount of mass, which moves through opposite phases of the
box. The box has 6 pairs of phases: 3 in real space and 3 in velocity space. The total change on
mass will be the sum of the 6 contributions. The first pair is in the z—direction:

Am = —[(fvz)lz+ae — (fvz)lz] ALAS, (4)
AS = AyAzAv,AvyAv,. (5)
Expand in Taylor series:
A(fve)
Am = ———LAtAzA
m A zAS (6)

Now we do the same for all the phases:

Af v — _ [AUv) | Alfyy) | Alfv:) | A(fve) | AUfY) | A(fY:)
EAV__[ Azr + Ayu + Az + Av, + Av: + Awv, AV (7)

Canceling AV and taking the limit of small time and distance intervals, we get:

‘;—f + divep ( f{a) =0 (8)
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