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Figure 3.8. Entropy as a function of energy for a two-state paramagnet consisting
of 100 elementary dipoles.

negative, this system behaves “normally”: Its temperature (the reciprocal of the
slope of the entropy-energy graph) increases as energy is added. In the analogy of
Section 3.1, the system becomes more “generous” with increasing energy. When
U = 0, however, the temperature is actually infinite, meaning that this system will
gladly give up energy to any other system whose temperature is finite. The para-
magnet is infinitely generous. At still higher energies, we would like to say that its
generosity is “higher than infinity,” but technically, our definition of temperature
says that T is negative (since the slope is negative). There’s nothing wrong with
this conclusion, but we have to remember that negative temperatures behave as if
they are higher than positive temperatures, since a system with negative temper-
ature will give up energy to any system with positive temperature. It would be
better, in this example, if we talked about 1/T (analogous to “greediness”) instead
of T . At zero energy, the system has zero greediness, while at higher energies it has
negative greediness. A graph of temperature vs. energy is shown in Figure 3.9.

Negative temperatures can occur only for a system whose total energy is limited,
so that the multiplicity decreases as the maximum allowed energy is approached.
The best examples of such systems are nuclear paramagnets, in which the magnetic

Figure 3.9. Temperature as a
function of energy for a two-state
paramagnet. (This graph was plot-
ted from the analytic formulas de-
rived later in the text; a plot of the
data in Table 3.2 would look similar
but less smooth.)
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