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FiG. 1. Behavior of a t\l'o-d imensional 
Isi ng model as a funct ion of temperature i 
at vanishi ng exte rnal pressure. The family 

t ' , 
I : : 

of Cl/ /"l'CS P [ were caleu la tl:d at seven C1l 

e\'cnly-spaced temJleratures from 1', to 
r,. The family of struight !iIlCS- Pd l \l'ere ;;; 
drawn to represent a d isordered lat tice If) 

lIith typical comp ressib ili ty and thermal C1l 

expansion coefTic ients. The encircled nUIll - ci:: 
hcrs 1 and 7 indicate t.he sp in ami lall ice 
isotherms at 1'1 and 1'7. The insets repre­
sen t schematical ly the temperatu re de­
pendences of the a rea <F and of the recip­
rocal isothermal compressibilit y l / f:JT. 

I i,hes but has a singular point at T~. If the transItIon 
occurs in the ·metast.able rcgion but before thc mcchan­
ical instability point is reached ; tifF will show hystere­
sis anc! discontinuities bu t d ocs not vanish. 

If an ac t uid c rystal bchavcs like this moclel, it is 
impossible to bring it arbitrarily close to ,l i;)mbda 
point: a firs t-orde r t ransit ion occurs before the tCIl1-
perature reaches the thcoretical critical temperature. 
Indeed, un less great care is taken to ach ieve true 
thermodynamic equi librium, there are a ra nge of tem­
pCI'atures (suc h as Ta to 7'5 in Fig. 1), where the 
prope rti es depcnd on the history of the sample. 

Constant Temperature 

Let us look at the variation of a rea U as a function 
of the applied pressure pcxt . Figure 2 s hows, at. a given 
temperature, the Ising pressure and the negative of the 
disordered-lattice pressure as functions of u . At zero 
external pressure, the equiIiLrium point is at ... 1, which 
corresponds to a largely disordered system. As the 
external pressure is increased, the ordering of the sys­
tem increases and the area u decreases smoMhl y un t il 
the pressure reaches a value equal to Bl~' at wh ich 
mechanical insLability occurs. Thc sys tem spontane­
ollsly contracts to a n area ue correspond ing to Point C, 
II'hich is th e new equilih rium s tate under this exte rnal 
pressure of magnitude h= CC'=B JJ' . A furth er in­
crease in the external pressure causes a smooth decrease 
of t he area a nd completes thc ordering. If the pressure 
is now reduced, the sys tem is mechanically stable until 
the area reac hes the value UD>UC. At D the system is 
mechanically unstablc and spon taneo ll sly expand" 10 

Ihe value UB, the new equ ilibrium area und er Illis 
pressure of magnitude h = jig = ])J)' . Again UI\' IH,";­
si hility of hys teresis is predicted in a region whl! h 
corresponds to metastable (or local) equilibriulll. If 
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the system were in complete thermodynamic equilib­
rium a first-order transition without hysteresis would 
take place at pressure P2. 

Constant Area 

If the a rea is m a intained constant by an applied pres­
sure and not by ri gid clamping, Inequality (10) is still 
valid . Th erefore on each curve pr( T) for a given area, 
there is a forbidd en zone in wh ich the intersection of 
th e isochores - /JJ1( T) and h ( 1') cloes not correspond 
to a stable stale. On fig. 3 a re plott ed severa l I sing iso­
chores corresponding to a reas Ul <U2< " ·U6<U7. The 
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PIG . 2. Behavior of a two-dimensional Ising mode l as a function 
of pressure at constant temperature. The insets represent sche­
matically the pressure dependence of the a rea <F and of the recipro­
ca l isothermal compressibi lity 1/ (3T. 


