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Understanding the law of perfect gases through the
mechanics of molecules

 Figure 1. Molecules in a gas [Source: http://guy.vielh.free.fr/fiches/principes/theo_cinetic_gaz.htm]

Let's assume to simplify that a molecule bounces off the right wall at the speed u oriented perpendicular to the wall. With each
bounce she loses the amount of movement 2 m u (see article "The laws of dynamics") that she communicates to the wall.
According to Newton's law of dynamics, the force on the wall is equal to the amount of motion thus received per unit of time.
This is obtained by multiplying this elementary motion quantity by the number of collisions per unit of time. This number is
proportional to the number of molecules per unit volume, or N/V, where N is the total number of molecules and V is the total
volume of the fluid. In a time dt, only the molecules present in a slice of thickness u dt, i.e. a volume S u dt where S is the wall
surface considered (see Figure), will reach the wall. In fact, only half of these molecules will do so, those moving to the right, a
number ½ (N/V) S u dt. The number of shocks per unit of time is therefore ½ (N/V) S u.

By multiplying by the amount of movement 2 m u provided by each molecule and dividing by the surface area, we obtain the
pressure p = (N/V) mu2.

The speed u of each molecule depends on the chance of the shocks it undergoes. The pressure results from the average of u2 on
all molecules, noted < u2>. The previous formula therefore gives pV = Nm<u2>. Comparison with the law of perfect gases thus
makes it possible to link the kinetic energy of the molecules (1/2)m<u2> to the temperature by (1/2)m<u2> = (1/2)kBT.

The molecules actually move with a velocity vector u in all directions, and according to Pythagoras' theorem, u2 =
u2+v2+w2+w2, where u, v, w are the velocity projections according to each coordinate. These are identical on average in all
directions, < u2>=< u2>+< v2>+< v2>+< w2>=3<u2>, which allows the total kinetic energy of translation of molecules to be
expressed as ,1/2)m< u2> = (3/2)kBT.

The shocks on the wall are not elastic as we have assumed here: molecules exchange energy with the atoms in the wall. However,
at thermal equilibrium, there is no net energy exchange between the gas and the wall, which validates the hypothesis of an elastic
shock on average. Similarly, molecules do not exchange an average amount of movement tangentially to the wall, as their
velocity along the wall is zero on average. So there is no tangential force. This would no longer be the case if there was a flow
along the wall with a tangential viscosity force.
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