Some Simple Systems

The ideal gas

The equation of state PV = N RT does not contain
all the thermodynamic information on the ideal gas.
We need more information if we want to derive the

fundamental relation S = S(U,V, N).

Gasses such He, Ar, and Ne at not too high
temperatures and moderate pressures satisfy the
relation U = %NRT.

The two relations
PV =NRT and U =cNRT,

where ¢ I1s a constant, allow to determine the

fundamental equation.
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Then, the Gibbs-Duhem relation
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becomes




Integrating yields
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where ug and vg are, respectively, the molar internal
energy and molar volume of some reference state.

Substituting in
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would give the entropic fundamental relation.

We may also integrate
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where s is the molar entropy.
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where sq is the molar entropy of the reference state.

Replacing u, ug, s, sg, v and vg, respectively, by
U/N, Uy/N, S/N, So/N, V/N, and V5 /N, we
finally obtain

S(U,V,N):SO—i—NRlog(U V).
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As expected, the entropy is a homogeneous function
of U, V, and N.

1 In the case of one-component gas, since S is a
homogeneous function of U, V and N, we have

AS(U,V,N) = S(\U, \V, AN),

where A is a positive real.




If we choose A = 1/N, we obtain

U Vv
S(U,V,N) = NS (N,N,l)

S(U,V,N)= Ns(u,v).

2 In order to derive the expression of the molar
entropy s(u,v), we have to integrate

1 P
ds—Tdu—l—Tdv,

that is, we need to know the expression of the
functions f and g defined by

P
T — g(u,v).

= f(u,v) and
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For the ideal gas, we have

cR R
= — d = —
flu,v)=— and g(u,v) = —,

which, obviously, verify the condition on the
derivatives (0 = 0).




Electromagnetic radiation

An empty vessel at temperature T' contains
electromagnetic energy. Such a system, which is a
gas of photons, obeys the Stefan-Boltzman law:

U=0bVT?,

where b is a constant, and the equation of state:

1
PV = _-U.
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These relations are independent of NV, i.e. the
number of photons is not fixed, and S is a function
of U and V only. The chemical potential i of a
photon gas is, therefore, equal to zero.

Replacing the expressions of
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given by
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in the Euler relation:

1 P
S=U+2V,

we finally obtain

S(U,V) = §b1/4U3/4V1/4.
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