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Derivation of CV =

 R

An ideal gas

a)
consists of a large number of atoms

b)
each having infinitely small diameters

c)
storing energy by translation only and

d)
engaging in perfectly elastic collisions.

The pressure of such a gas is the result of these atoms colliding elastically with the walls.

Consider one such atom having a velocity of c in a cubic enclosure l on an edge as shown
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The x-component of the velocity c is x, the y-component of the velocity c is y, and the z-component of the velocity c is z.  The extended Pythagorean Theorem requires that


c2 = x2 + y2 + z2.
(1)

The x-direction momentum of a single atom of mass m striking the wall is mx.  Since the collision is perfectly elastic, the momentum of the atom after collision is -mx.  The rate of collision for this atom is a constant l/x.  Therefore, the rate of momentum change - or the force exerted by the atom on the walls perpendicular to the x-direction - is





(2)

The total force exerted by n such atoms in their travel in all three coordinate directions is then




.
(3)

Since pressure is the force per unit area, the pressure exerted by n atoms is




.
(4)

 Rearranging gives




.
(5)

Comparing this to the Ideal Gas Law for one mole of gas gives





(6)

where n is now Avogadro's number, A.

The only way that an ideal gas can store energy is through translation or kinetic energy.  Therefore, the internal energy for n atoms of mass m is





(7)

Comparing Equations (6) and (7) gives





(8)

or




.
(9)

Since CV is the change in internal energy with respect to temperature,





(10)

for an ideal gas.
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