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Figure 3.1. A plot of the entropies calculated in Table 3.1. At equilibrium
(qA = 60), the total entropy is a maximum so its graph has a horizontal tangent;
therefore the slopes of the tangents to the graphs of SA and SB are equal in
magnitude. Away from equilibrium (for instance, at qA = 12), the solid whose
graph has the steeper tangent line tends to gain energy spontaneously; therefore
we say that it has the lower temperature.

We can therefore write

∂SA

∂UA
=

∂SB

∂UB
at equilibrium. (3.3)

In other words, the thing that’s the same for both systems when they’re in thermal
equilibrium is the slope of their entropy vs. energy graphs. This slope must somehow
be related to the temperature of a system.

To get a better idea of how temperature is related to the slope of the entropy vs.
energy graph, let’s look at a point away from equilibrium, for instance, the point
qA = 12 in the figure. Here the slope of the SA graph is considerably steeper than
the slope of the SB graph. This means that if a bit of energy passes from solid B to
solid A, the entropy gained by A will be greater than the entropy lost by B. The
total entropy will increase, so this process will happen spontaneously, according to
the second law. Apparently, the second law tells us that energy will always tend
to flow into the object with the steeper S vs. U graph, and out of the object with
the shallower S vs. U graph. The former really “wants” to gain energy (in order to
increase its entropy), while the latter doesn’t so much “mind” losing a bit of energy
(since its entropy doesn’t decrease by much). A steep slope must correspond to a
low temperature, while a shallow slope must correspond to a high temperature.

Now let’s look at units. Thanks to the factor of Boltzmann’s constant in the
definition of entropy, the slope ∂S/∂U of a system’s entropy vs. energy graph has
units of (J/K)/J = 1/K. If we take the reciprocal of this slope, we get something
with units of kelvins, just what we want for temperature. Moreover, we have just


