5P revision notes

Section 16: Molecular kinetic theory
16.1 – 16.7
Most important evidence that matter is made of tiny particles: Brownian motion
Small smoke particles suspended in air jiggle around randomly under a microscope due to collisions with fast moving air molecules. Since the collisions are random, there is a small resultant force at any given moment producing a small random acceleration. More Brownian motion if smoke particles are smaller or temperature is higher.

For an ideal gas (molecules have zero volume of their own, no forces between molecules, all collisions elastic)
· Boyle’s Law: PV = constant if and only if T and n are constant

· Charles’ Law: V/T = constant if and only if P and n are constant

· Pressure Law: P/T = constant if and only if V and n are constant

· P is proportional to n if and only if  T and V are constant

Combine these equations to give pV = nRT or equivalently pV= NkT

P: pressure ; V: volume ; T: absolute temperature (in Kelvin)

Kelvin temperature = Centigrade temperature + 273

n: number of moles ;   N: number of molecules
There are 6.02 x 1023 molecules in a mol (Avogadro’s number NA)
R: Molar gas constant = 8.3 JK-1mol-1 ; k: Boltzmann constant = 1.38 x 10-23 JK-1
Experimental evidence: e.g. in dry air, the gases are way above their boiling points and approximate quite well to an ideal gas. Plot P against T, holding V constant:
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Linear relationship between P and T is found. Extrapolated line predicts that for an ideal gas pressure will reach zero (molecules stop moving) at T = -273˚C or zero K (absolute zero)
As temperature drops gases become less ideal (intermolecular forces become significant eventually producing liquid/solid), also as pressure increases (size of molecules becomes significant).

Section 16.8 – 16.11
Kinetic theory

By considering the collisions of particles with a container, we can obtain the equation:

pV = 1/3 Nm<c2>

where c is the speed of the particles and <c2> is the average value of c2
Since we also know pV = NkT

NkT = 1/3 Nm<c2> => ½ m<c2> = 3/2 kT

Since ½ m<c2> is the average translational kinetic energy of the particles, we can see that the absolute temperature is proportional to the average translational kinetic energy.
Section 16.11-16.13

The total internal energy U is the sum of all the energies of the particles (both potential and kinetic). If we do work W on a gas or heat a gas, transferring heat energy Q to it, then its internal energy will increase (conservation of energy).

ΔU = W + Q
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	If we move the piston down by a distance Δy, we have to do work W = FΔy on it.

Then the volume will change by ΔV = A.Δy, so Δy = ΔV/A 

Thus W = F/A ΔV = p ΔV




Section 16.14-16.15
The random exchange of energy between particles leads to an exponential distribution of energies (remember computer simulation). The Boltzmann factor e-ε/kT gives the relative probability of a particle acquiring an extra energy ε, that is:
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If T is higher, 1/kT is lower, so –ε/kT is less negative, so e-ε/kT ends up larger and particles are more likely to gain energy ε.

ε  could represent the energy required for e.g. a water molecule to evaporate – or for a molecule to slip past another, allowing a liquid to flow – or for an electron to move into the conduction band of a semiconductor, allowing a current to flow – or it could be the activation energy of a chemical reacton – basically any process which requires molecules to acquire energy. So for many processes, the rate at which they happen is governed by the Boltzmann factor.
Section 16.16-16.20

Toss 4 pennies. You are more likely to get 2 heads and 2 tails than you are to get 4 heads. There are more ways of getting 2 heads than there are of getting 4. If we call the number of heads we get the macrostate and the individual ways of getting there microstates, then:

	Macrostate
	Microstates

	0 heads
	TTTT

	1 head
	HTTT, THTT, TTHT, TTTH

	2 heads
	HHTT, HTHT, HTTH, THHT, THTH, TTHH

	3 heads
	HHHT, HHTH, HTHH, THHH

	4 heads
	HHHH


Toss 100 pennies. There are many, many ways of getting 50 heads and 50 tails. There is only one way of getting 100 heads. You are much more likely to get about 50 heads than you are to get 100. We say there are many more microstates which correspond to the macrostate of having 50 heads.
Take a bucket of 100 white balls and a bucket of 100 red balls. At random, take a ball from bucket 1 and switch it with a ball from bucket 2. Over time, the balls will tend to become evenly distributed (there will be fluctuations, but on average this will be the tendency).

If you start with 50 red and 50 white balls in each bucket and do the same experiment, it is possible but incredibly unlikely that you will end up with all the white balls in one bucket. Again, this is because there are many ways for the balls to be mixed up, but only one way for them to be separated.

A randomly varying system will tend to move towards the state which can be realised in many different ways. This is the second law of thermodynamics.
The entropy of a system is a measure of the number of microstates which will yield the macrostate:
S = k ln W

Where W is the number of microstates and S is the entropy. We always move towards maximum W and hence maximum S.

An isolated system thus always has increasing entropy – and the universe as a whole has increasing entropy.

Individual parts of the universe can have decreasing entropy but this is always at least balanced by increasing entropy elsewhere.

A cosmological question is implied – the Universe must have started in a state of low entropy. How did this come about?
