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F1c. 1. Behavior of a two-dimensional Y Vot

[sing model as a function of temperature B o

at vanishing external pressure. The family /l/

of curves pr were calculated at seven | I
evenly-spaced temperatures from 7% to T, L T, T

Ty The family of straight lines—pa1 were
drawn to represent a disordered lattice
with typical compressibility and thermal
expansion coefficients. The encircled num-
bers 1 and 7 indicate the spin and lattice
isotherms at 7% and 7. The insets repre-
sent schematically the temperature de-
pendences of the area o and of the recip-
rocal isothermal compressibility 1/87.
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ishes but has a singular point at 7%. If the transition
occurs in the metastable region but before the mechan-
jcal instability point is reached; 1/87 will show hystere-
sis and discontinuities but does not vanish.

If an actual crystal behaves like this model, it is
impossible to bring it arbitrarily close to a lambda
point: a first-order transition occurs before the tem-
perature reaches the theoretical critical temperature.
Indeed, unless great care is taken to achieve true
thermodynamic equilibrium, there are a range of tem-
peratures (such as 7% to 7% in Tig. 1), where the
properties depend on the history of the sample.

Constant Temperature

Let us look at the variation of area o as a function
of the applicd pressure pexi. Figure 2 shows, at a given
temperature, the Ising pressure and the negative of the
disordered-lattice pressure as functions of o. At zero
external pressure, the equilibrium point is at A, which
corresponds to a largely disordered system. As the
external pressure is increased, the ordering of the sys-
tem increases and the area o decreases smoothly until
the pressure reaches a value equal to BB’ at which
mechanical instability occurs. The system spontane-
ously contracts to an area o¢ corresponding to Point C,
which is the new equilibrium state under this external
pressure of magnitude py=CC’'=BB'. A further in-
crease in the external pressure causes a smooth decrease
of the area and completes the ordering. If the pressure
is now reduced, the system is mechanically stable until
the area reaches the value op>oc. At D the system is
mechanically unstable and spontancously expands to
the value og, the new equilibrium area under this
pressure of magnitude py= F1'=DD’. Again the pos-
sibility of hysteresis is predicted in a region which
corresponds to metastable (or local) equilibrium. If

the system were in complete thermodynamic equilib-
rium a first-order transition without hysteresis would
take place at pressure pa.

Constant Area

If the area is maintained constant by an applied pres-
sure and not by rigid clamping, Inequality (10) is still
valid. Therefore on each curve pr(7) for a given area,
there is a forbidden zone in which the intersection of
the isochores — pu(T") and pr(7) does not correspond
to a stable state. On Fig. 3 are plotted several Ising iso-
chores corresponding to areas o3 <oy<++-0s<oz. The
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I'16. 2. Behavior of a two-dimensional Ising model as a function
of pressure at constant temperature. The inscts represent sche-
matically the pressure dependence of the area ¢ and of the recipro-
cal isothermal compressibility 1/87.




