Proof of the existence of a
phase transition in the two-
dimensional Ising model

part 1 thermodynamics and phase transition
in a uniaxial ferromagnet
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See, e.g., H. Tasaki and G. Paquette, Thermodynamics - A modern approach (Oxford University Press, 20257?)
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scribed above, we are led to study classes of systems defined by characteristic types
of universal phenomena, rather than actual individual systems. Let us call such a
class of systems a “universality class** Within a given universality class, we will
have not only actual physical systems and faithful theoretical models describing
them (which usually have intractable details), but also some idealized theoretical
models that appear to be easier to treat. It should be stressed, however, that such ide-
alized models are not simply “made up” to exhibit the desired properties (for some
obvious reasons). Rather, they are nontrivial systems that capture only the essence
of the phenomena that we wish to understand.’ By studying such idealized models,
we are able to directly confront the problem of elucidating the essential behavior of
interest. Perhaps the best example of such an idealized model is the (classical) Ising
model. Although the Ising model is now recognized as a model of a ferromagnet,
it is too simple to be a faithful model of any actual magnetic system. Nevertheless,
we can learn from the Ising model extremely rich essence of phase transitions and
critical phenomena associated with the breakdown of Z, symmetry, exhibited by
various physical systems, including uniaxial ferromagnets and some quantum field
theories. It should be pointed out that, despite its relative simplicity, the Ising model
is certainly not easy to solve. However, because with this model, one need not treat
some of the very complicated problems involved with more realistic models, such
as the overlap of electron orbits that determines the exchange interaction and the \\k&\\ﬁ&“
ultraviolet divergence that must be removed to realize a well-defined field theory, “\S
the core problem that we wish to address — that of describing the collective behav- S\JS\Q

ior of infinitely many interacting degrees of freedom — is laid bare. This problem |
is indeed central to understanding the large-scale behavior of a truly vast range of | i \\\

physical systems.

In our pursuit to advance fundamental science, with the manner of thinking de- ;‘
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Hal Tasaki "Physics and Mathematics of Quantum Many-Body Systems", (Springer, 2020), page 3
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