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53 Phase Transformations of Pure Substances

hase, below about 2 K, called helium II. The superfluid phase has a number of
markable properties including zero viscosity and very high thermal conductivity.
elium-3 actually has two distinct superfluid phases, but only at temperatures
elow 3 mK.
' Besides temperature and pressure, changing other variables such as composition
and magnetic field strength can also cause phase transformations. Figure 5.14 shows
phase diagrams for two different magnetic systems. At left is the diagram for a typ-
ical type-1 superconductor, such as tin or mercury or lead. The superconducting
phase, with zero electrical resistance, exists only when both the temperature and
the external magnetic field strength are sufficiently low. At right is the diagram
or a ferromagnet such as iron, which has magnetized phases pointing either up
or down, depending on the direction of the applied field. (For simplicity, this dia-
_gram assumes that the applied field always points either up or down along a given
axis.) When the applied field is zero, phases that are magnetized in both direc-
ons can coexist. As the temperature is raised, however, the magnetization of both
_phases becomes weaker. Eventually, at the Curie temperature (1043 K for iron),
the magnetization disappears completely, so the phase boundary ends at a critical
point.”

4; Type-1 Superconductor Ferromagnet

Magnetized up
Critical point

/

B A e

T

Super-

conducting Magnetized down

External magnetic field
External magnetic field

T. T

Figure 5.14. Left: Phase diagram for a typical type-I superconductor. For lead,
T. = 7.2 K and Be = 0.08 T. Right: Phase diagram for a ferromagnet, assuming
that the applied field and magnetization are always along a given axis.

*Tor several decades people have tried to classify phase transformations according to
the abruptness of the change. Solid-liquid and liquid-gas transformations are classified as
“frgt-order,” because S and V, the first derivatives of G, are discontinuous at the phase
boundary. Less abrupt transitions (such as critical points and the helium I to helium II
transition) used to be classified as “second-order” and so om, depending on how many
successive derivatives you had to take before getting a discontinuous quantity. Because of
various problems with this classification scheme, the current fashion is to simply call all

the higher-order transitions “continuous.”




