KINETIC THEORY OF GASES
This refers to an ideal gas  This may not seem very useful but in fact most real gases have almost ideal behaviour at normal temperatures and pressures.  Kinetic theory links the macroscopic observable behaviour of a gas with the microscopic behaviour of its constituent molecules.

Evidence for kinetic theory - Brownian motion

The Brownian motion experiment supports the existence of small particles that we cannot see.  
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If smoke is viewed through a microscope the smoke particles are clearly visible as points of light.  They are not still but in constant random motion.  This motion is a consequence of the impact of the air molecules which we cannot see, which do not hit the particles evenly on all sides.

The path of an individual smoke particle is random.
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There are a number of assumptions made in the kinetic theory. 
1. The molecules are tiny hard spheres which are small compared to
the distances between molecules
2. Forces between molecules are negligible except during a collision
3. The volume occupied by the molecules is negligible compared to the volume occupied by the gas
4. The duration of a collision is negligible 
5.  All collisions are elastic
These assumptions mean that collisions between molecules will be very much less likely than collisions with the container walls.

Consider an ideal gas in a container.

There are N molecules of mass m in the container.








All the molecules move randomly.  Their velocities can all be resolved into components in the x, y and z directions.

Consider one molecule and the x direction only.

The molecule hits face X and rebounds. Taking motion to the right as positive then

momentum of molecule before collision = mvx
momentum of molecule after collision = -mvx
change in momentum = momentum after – momentum before

  


   = -mvx - mvx
  


   = -2mvx

If the molecule moves backwards and forwards in the x direction between the faces of the box then it covers a distance 2x between collisions.  Its speed in the x direction is vx
Since

time = distance



speed
then the time between collisions with face X =  2x
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The rate of change of momentum of the molecule  = change in momentum
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From Newton’s second Law the rate of change of momentum is equal to the force exerted by face X on the molecule.

From Newton’s third Law the force exerted on the molecule by face X must be equal and opposite to the force exerted on face X by the molecule.

Force on face X =  mvx2
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Pressure = force
=  mvx2/x

        area
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So the pressure =    mvx2
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This is the pressure one molecule would exert.

There are N of them however so the total pressure is

Pressure on face X   = 
mvx12  + mvx22  + …. +  mvxN2
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m    (vx12 +  vx22 + ……+ vxN2)
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The mean square speed is the average of the speeds squared

<vx2> = (vx12 +  vx22 + …… vxN2)



N

So (vx12 +  vx22 + …… vxN2) = N<vx2>
and xyz is the volume of the container, V, so

pressure on face X = mN<vx2>
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For very large numbers of molecules the mean square speeds in each of the x,y and z directions will be the same,i.e.

<vx2>  =  <vy2>  =  <vz2> 

And from Pythagoras the resultant mean square speed <c2> is

<c2> = <vx2>  +  <vy2>  +  <vz2> 

        = 3<vx2>


So the pressure p =  Nm<c2>
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Where N is the number of molecules
m is the mass of a molecule
<c2> is the mean square speed
V is the volume the gas occupies
There are several other ways this formula can be represented.  As ρ = Nm/V,

the pressure p = 1ρ<c2>


      3
Where ρ is the density of the gas
<c2> is the mean square speed
Or as N/V is the number of molecules per unit volume (per m3 , m-3)


the pressure p = 1nm<c2>
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Where n is the number of molecules per unit volume

m is the mass of a molecule
<c2> is the mean square speed
N.B.  The root-mean-square speed cr.m.s. = (<c2>  and is not the same as c2

The link between average kinetic energy of a molecule and temperature
From the macroscopic gas laws we have:




pV = nRT

From kinetic theory we have:




p = Nm<c2>
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So that pV =    nRT     = Nm<c2>
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The number of moles present is given by n = N/L where N is the number of molecules and L is the Avogadro number (the number of molecules in one mole).

So this can be rewritten as NRT  =  Nm<c2>




L
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Furthermore the ratio R/L is called the Boltzmann constant k and multiplying both sides by 3/2 gives





1m<c2>    =   3k  T
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Kelvin temperature
average
k.e.





    constant
This expression links the average translational kinetic energy of the molecules of a gas to its temperature in Kelvin.  The hotter  the gas, the greater the average translational kinetic energy.
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