PHYS 461: Homework # 5

5.1 The Gibbs function of a simple paramagnet of
unit mass is given by

G(T, B*Pied) = _4T log (2 cosh b
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The entropy of this system is, therefore, given by
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For a fixed nonzero value of BaPPlied \when T goes
to zero, we may write
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Hence, as 1T’ tends to zero, we verify that
S(T, B2pplied) goes to zero as
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In terms of T and B2PPlied the jsothermal

susceptibility is given by
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According to the maximum entropy principle and
the Planck postulate, the isothermal susceptibility
should be positive and go to zero when T tends to
zero. We verify that these two conditions are
satisfied.




5.2 The specific heat at constant pressure C'p does

not depend upon the pressure P if, and only if,
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At constant pressure, V must be, therefore, a linear
function of T'. This is not the case for any of the
equations of state.

The specific heat at constant volume Cy, does not
depend upon the volume V' if, and only if,
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Hence, at constant volume, P must be a linear
function of T'. This is the case for a van der Waals
equation but not for the other two equations.

5.3 The equation of state of one mole of a
one-component fluid system is
T v? v3
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At high temperatures, both the terms
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become negligible. The equation of state takes then

the form
T = Pag + Pajv.

Comparing this equation with the ideal gas equation
of state
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shows that
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so that the equation of state of the fluid may be

written
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The above equation can also be written

P f —+ a2v2 —+ a3v3.
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Therefore, when 1" goes to zero, we obtain

CL2’02 = —CI,3’03.

Since the limiting value of v at very low
temperature is b, we have
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The existence of a critical temperature T, implies
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The equation of state is of the form
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We, therefore, have
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and the conditions
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