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Boltzmann Statistics

Suppose that you have 3 coins that can be flipped and land either head (H) or tail (T) side up. Write
down all of the possible outcomes for flipping the 3 coins. (For example: HHT)

HHH THH

HH THT
HTrT1 TTH

Each of these possible outcomes is known as a microstate. The total number of microstates for 3 coins
is

A collection of microstates that satisfies some overall property is known as a macrostate. The number
of microstates corresponding to a macrostate is known as the macrostate's multiplicity (Q2). Fill in the
table below for the 3 coin example.

macrostate { Q
3 Heads | {
2 Heads 3
1 Head 3
| OHeads | |

The probability of a macrostate can be calculated by dividing the multiplicity of the macrostate by
€(all) = the total number of microstates.

Q(macrostate )
Q(all)
Calculate the probability of getting 2 heads.

3
PHH) = —%—

Relative probabilities of macrostates can be found by taking the ratio of the corresponding
multiplicities.

) P(macrostate 1) _ Q(macrostate 1)

P(macrostate2) Q(macrostate2)

Calculate the following

(1) P{macrostate)=

P(2heads) 3 P(2heads)

B

3
P(3heads) P(lhead) 3

The entropy of a macrostate is defined as
Pt > A

(3) S=klhQ

where £ = 1.381 x 10> J/K = 8.617 x 10” eV/K is Boltzmann's constant. Thus the statement that
entropy increases is the same as saying that systems head towards more probable states.
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