PH4211 Statistical Mechanics 2020
Outline Answers

Question 1

a)

S is the entropy [2], k is Boltzmann’s constant [2] and €2 is the number of microstates in the
macrostate [2].

part a: [[6]]

b)
For an isolated system all microstates are equally probable. 2]
So probability of observing a macrostate is proportional to the number of microstates 2 corre-
sponding to it. 2]
The equilibrium state observed is the most probable one, so it is the state with the largest number
of microstates. [2]
Since S = k1In (2 it follows that the equilibrium state is that of maximal entropy. 2]
Upon removing a constraint the system will evolve to a more probable state it will evolve to a
state of greater (maximal) entropy. 2]
part b: [[10]]

c)

We can work with S or {2: we maximise either S = 57 + 55 or Q = ;85 with respect to the
allowed variations.
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Vo=Vi+Vo so Va=W-V
N0:N1+N2 SO NQZNO—Nl

Let’s work with entropy:

S = S1(Ey, Vi, Ny) + Sa2(Es, Va, Na)
= S1(E1, Vi, N1) + So(Eo — Ey, Vo — Vi, No — Ny).

Maximise S with respect to E interchange — vary E}
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Maximise S with respect to V' interchange — vary V;
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Maximise S with respect to N interchange — vary N;
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Now (X) gives Ty = T.
Now (Y) gives p1 /11 = p2/T5. But since T1 = T3 by (X) it follows that p; = pa.

Now (Z) gives pu1/Ty = p2/T>. But since T1 = T by (X) it follows that p; = pa.

d)
Entropy mazimum requires that
82_5 <0
OFE? '
But since 9S/0E = 1/T it follows that
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So since we require 92S/0F? < (0 and, of course, T? > 0, we see that
C,>0

as required.
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part c: [[14]]

3]
part d: [[10]]

Total Q1: [[[40]]]
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