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1 Differentiating functions of multiple variables.

Consider an ideal gas and suppose that a quantity is described by

T
= F(T ==,
_ . . OF
a) Using the expression above, determine 7T
b) Express F in terms of T and V, ie. F = F(T,V) and use this new expression to
determine a—T
c) Are these expressions the same or different?
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2 Determining an energy equation of state from its partial derivatives

OF OF
(-5T—)V =aNEkV and (EV)T =alNkT + bV

where @ and b are constants.

Suppose that

a) Using the derivative with respect to 7', determine a (partial) expression for E(T, V).

b) Now use the derivative with respect to V' to determine a (nearly complete) expression

for E(T,V).
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3 Heat capacities

Consider any gas and note that, when using 7',V as independent variables,
0Q = cydT + [expression ...] dV

serves to define cy. Similarly when using T, P as independent variables,
0@ = cpdT + [expression ...] dP

serves to define cp.

a) Starting with
0Q = cpdT + [expression ...]| dP,

use the infinitesimal version of the first law to substitute for §@). This will produce an
expression on the right that involves dF and dV.

b) The resulting expressions for dE and dV must be re-expressed in terms of the two
independent variables on the right side, i.e. dT" and dP. To do this for dV, use a
standard rule from calculus to write dV in terms of dT" and dP. Repeat this for dF and
substitute into the result from the previous part.

¢) Since T and P are independent, the resulting expression can only be true if the coeffi-
cients of dT on both sides are equal. Use this to determine an expression for cp.

This does not produce a result for (%)T. Doing that requires a similar strategy.
d) Equate
oF
0Q = cydT — Pl dv
@it |(57),+]
and

0Q = cpdT + [expression ...] dP

Again re-express everything in terms of d7" and dP. Use the result to relate cp, cy and
8F
(5%)r-
e) Use the result from the last part to determine an expression for (g—g)T in terms of heat
capacities.
f) If the equation of state of the gas and the two heat capacities are known, is it possible
to determine (%2) !
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