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1.5 Response Functions

A great deal can be learned about a macroscopic system through its response
to various changes in externally controlled parameters. Important response
functions for a PVT system are the specific heats at constant volume and
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Intuitively, we expect the specific heats and compressibilities to be positive
and Cp > Cy,Kt > Kg. In this section we derive relations between these
response functions. The intuition that the response functions are positive
will be justified in the following section in which we discuss thermodynamic
stability. We begin with the assumption that the entropy has been expressed
in terms of T and V and that the number of particles is kept fixed. Then
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We now use the Maxwell relation (1.48) and the chain rule '
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which is valid for any three variables obeying an equation of state of the form
f(z,y,2z) =0 to obtain
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In a similar way we obtain a relation between the compressibilities K7 and
Kgs. Assume that the volume V has been obtained as function of S and P.
Then
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The Maxwell relations (1.50) and the equation
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Ky —Ks = IV 2 (1.66)
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Thus (1.61) and (1.66) together produce the interesting and useful exact results
Cp(Kr — Kg) = K7(Cp — Cy) =TVd? (1.67)
and
Cp Kr
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An analogous derivation, in the case of magnetic systems (see Problem 1.4)
produces the equations

2
Cu(xr —xs) =xr(Cu —Cm) =T (%)H (1.69)

where xr and xgs are the. isothermal and adiabatic susceptibilities, xr =
(OM/8H)r, xs = (OM/0H)g, and Cy and Cyps are the specific heats at
constant applied field and constant magnetization, respectively.



