PHYS-E0551, Exercise 1 Return on 20.01.2020

1. Below in Fig. 1, the heat flow in a system is described. Determine the
temperature T' at the given point as the temperature on the other side of
the system changes from 7T to Th using an equivalent electrical circuit.

Ry Rs T

I =T, «NANNN— O ANV G —e

Figure 1: Schematic of a heat flow in a system.

2. A Pomeranchuk cooling chamber is cooled down to 2.2mK and that tem-
perature is held constant for 24 hours. The heat leak is 4 x 1077 J/min and
let us assume that the chamber was precooled to 20 mK. Approximate how
much Helium-3 is required to perform this type of a process.

The entropies of solid and liquid 3He on the melting curve are
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3. Enthalpies and pressures of Helium-3 liquid and vapor are presented below
in Table 1. Describe how enthalpy is related to evaporation cooling. Derive
an expression for the supplied heat flow Q in an idealized evaporation scheme
where n moles of 3He are removed from the liquid per second at constant
pressure in a reversible way.

4. On the lecture, we discussed competition of potential and kinetic energy
and its influence on the solidification of helium at low temperatures. Now,
instead of short-range attractive potential, let us consider liquid/solid phase
transition under the influence of long-range, repulsive Coulomb interaction.
Show that in an electron system with quadratic dispersion relation the sta-
ble phase at small densities n is a solid, i.e. Ekin < Epor at small n (so
called Wigner solid). What happens in the case of linear dispersion relation
(graphene)?
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Table 1: Pressures and enthalpies of Helium-3 at 7' < 1 K.



