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[1] Concentration Fluctuations.
(a)
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Using equation (80) and the result of (a), we have
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The last line is the same as eq(6). This establishes the equality.

[2] Ascent of sap in trees.
The intrinsic chemical potential of the water vapor is given by
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At equilibrium, the chemical potential of the air that stands immediately above the pool of water
and at the uppremost leaves are equal. The former is
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while the latter also includes contribution from the gravitational potential:
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[3] Energy of gas of extreme relativistic particles.
The partition function is
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Turning the summation into an integral,
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7w (LT \? oo
7z = Z(=L / drz?e™ 19
2 <7rhc> 0 e (19)
= Ar? (20)

where A is some constant independent of 7. We can now compute the energy from the partition
function:
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[4] Time for a large fluctuation.
(a) We first calculate the number of particles of the system using the ideal gas law:
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Dividing by the volume V| we get the density n:
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Meanwhile, the quantum density ng is
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We now compute the entropy using the Sackur-Tetrode equation,
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The number of accessible states g; can be calculated by exponentiating the entropy:
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(b) We can easily see from the Sackur-Tetrode equation that, when the volume V' increases by a

factor 3, the entropy o increases by a factor of N log(/3). Hence, if the gas is compressed to a volume

of 0.05 litre, the entropy changes by N log(1/2) = —Nlog(2) = —(2.45x10%!) log(2) = —1.70 x 10%!.
The entropy (g2) now becomes
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(c) The ratio is simply
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(d) The number of collisions is simply the product of the number of particles N, the collision rate
R, and the duration At(one year):
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(e) From part (a) and (b), we learned that for every 10738%19” configurations, there is one config-
uration in which all atoms are in half of the volume. If we assume that each collision corresponds

to a new configuration, we expect that it would take roughly 107-38x10%* collisions to get to this
particular microstate. Hence,
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[5] Gas of atoms with internal degree of freedom.
(a) If we set the energy of the lower energy state to 0, the 'internal partition function’ Z;,, is given
by
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Using equation (48) in the text, the chemical potential u is
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(b) From (49) in text, the 'internal’ free energy is
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The total free energy F'is then given by
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(c) We first compute the ’internal’ entropy:
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where the first two terms come from the Sackur-Tetrode equation. The last two terms are from

eq(41).
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(d) The pressure p is given by
This is simply the ideal gas law.
(e) We can compute U from F' by performing a Legendre transformation:
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where Fj is the free energy without the internal degree of freedom. Note that the terms N7log(1+
e®/7) cancel.
The heat capacity at constant pressure due to U, is
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