Kinetic theory

Consider a square box of side length l containing N identical molecules each of mass m.  These molecules move in a haphazard (random) way and are identical.  The time duration of the collision may be neglected.  They follow linear paths, have elastic collisions with the walls of the container and are of negligibly small radius.
(Use the mnemonic HITLER to help to remember these assumptions)

Let the velocity of a particular molecule be c.  This velocity will have 3 components u, v, and w in the directions X, Y and Z.


c2 = u2 + v2 + w2
Now consider this molecule in a collision with the wall of the container in which its X component (u) of velocity is reversed.  The collision will have no effect on the Y and Z components of velocity.  The momentum (mu) of the molecule will be reversed, that is, the change in momentum will be 2mu.

The molecule will travel a distance 2l in the X direction, taking time 2l/u before striking the same surface again.  The molecule will therefore strike the same surface u/2l times per second.  The change in momentum per second due to strikes of this molecule on the same surface will be mu2/l.  that is, the average force on the one surface due to strikes by this single molecule will be mu2/l.
The force due to all molecules on this particular surface will be 
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, and so the pressure due to all molecules on this surface will be 
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Similarly, the pressures on the other surfaces will be 
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 and 
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Now, there is no reason why these pressures should be different, so, assuming them to be the same,






.

Remembering how an average is defined, it can be seen that 
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 and so 
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the standard result of the Kinetic Theory of Gases.

The link between r.m.m. and the Avogadro number
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The following symbols will be used in the subsequent analyses:


n
=
amount/mol


NA 
=
the Avogadro number 


EK
=
kinetic energy of gas


M
=
relative molecular mass (r.m.m.)

Definition:
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  or, in symbols,
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, where 
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 = mass of one atom of C-12.

now, the Avogadro number is the number of molecules in M g (not kg) of the gas, i.e.,




 M = NAm, from which it follows that NA = 
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thus, the Avogadro number is a constant for all gases (= 6.02 x 1023 molecules per mol)

Kinetic energy of a gas
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Introduction of the temperature

If we assume that the average kinetic energy of a molecule is proportional to the absolute temperature, then

we can put 
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, where k is the Boltzmann constant and so
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and the energy of a molecule 
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If we replace N with nNA  and 
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 by R we have the Ideal Gas Equation.



pV = nRT


in which R is the Universal Gas Constant.

Also, if T is constant, (i.e. a fixed mass of gas at constant temperature), we have

pV = constant



 - this is Boyle's Law.
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