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Callen n yopn

An interesting variant of Example 1 is one in which three bodies (each of the type
described in Example 1, with U = CT) have initial temperatures of 300 K, 350 K,
and 400 K, respectively. It is desired to raise one body to as high a temperature as
possible, independent of the final temperatures of the other two (and without
changing the state of any external system). What is the maximum achievable
temperature of the single body?

Solution
Designate the three initial temperatures, measured in units of 100 K, as T}, T,
and T; (T, = 3, T, = 3.5, and T; = 4). Similarly, designate the high temperature
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achieved by one of the bodies (in the same units) as 7},. It is evident that the two
remaining bodies will be left at the same temperature T, (for if they were to be
left at different temperatures we could extract work, as in Example 1, and insert it
as heat to further raise the temperature of the hot body). Then energy conserva-
tion requires

T,+2T, =T, + T, + T; =105

The total entropy change is

AS = C1 IT,
. " T1T2T3

and the requirement that this be positive implies
T'T, > T,T,T, (= 42)
Eliminating 7, by the energy conservation condition
T,\?
(5.25 . 7) T,> 42

A plot of the left-hand side of this equation is shown. The plot is restricted to
values of T, between 0 and 10.5, the latter bound following from the energy
conservation condition and the requirement that 7, be positive. The plot indi-
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cates that the maximum value of 7}, for wiuch the ordinate is greater than 42, js
T, = 4.095 (or T, = 409.5 K)

and furthermore that this value satisfies the equality, and therefore corresponds to
a reversible process.



