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1
Quantum liquids

A “quantum liquid” is, by definition, a many-particle system in whose behavior not
only the effects of quantum mechanics, but also those of quantum statistics, are
important. Let us examine the conditions for this to be the case.

Needless to say, if we wish to describe the actual structure of atoms or molecules,
then under just about any conditions known on Earth it is essential to use quantum mec-
hanics; a classical description fails to account for even the qualitative properties. How-
ever, if we consider the atoms or molecules as themselves simple entities and ask about
their dynamics or thermodynamics, we find that classical mechanics is often quite a
good approximation. A qualitative explanation of why this should be so goes as follows:
The fundamental novelty introduced by the quantum-mechanical description in the
motion of particles is that it is necessary to ascribe to the particle wave-like attributes,
resulting in phenomena such as interference and diffraction; the quantitative relation
between the “wave” and “particle” aspects is given by the de Broglie relation

A=h/p (1.0.1)

where p is the momentum of the particle and A the wavelength of the associated wave.
However, we know from classical optics that a wave will behave very much like a stream
of particles (“physical optics” becomes “geometrical optics”) if the wavelength A is
small compared to the characteristic dimension d of whatever is obstructing it (“one
cannot see around doors”); the condition to see wave-like effects is, crudely speaking

A>d (1.0.2)

In the case of a many-particle system it is perhaps not immediately clear what we
should identify as the length d, but for reasonably closely packed systems, at least,
it seems reasonable to take it to be of the order of the interparticle distance, i.e. as
n~1/3 where n is the density (though see below). On the other hand, the typical value
of X is determined, according to Eqn. (1.0.1), by that of the momentum p, which in
thermal equilibrium is determined by the mean thermal energy kpT:

p ~ (mkpT)"/? (1.0.3)

Combining Eqns. (1.0.1)-(1.0.3), we find that the conditions for quantum mechanical
effects to be important in the (center-of-mass) motion of a set of atoms or molecules
is roughly

ksT < n?3h%/m (1.0.4)

where m is the mass of the atom or molecule in question.



