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English

Exercise 1 (10,10,15)

a) Regard a set of energy levels with energies,

&mmE, s>0, m=0,1,2 00

What does the Boltzmann distribution law (at constant temperature and at
equilibrium) tell us about the relative population ~4 of the energy levels i and

j for large and small e, respectively?

b) Also, discuss the relative population at two limiting cases: T —, 0 and
T —, cc. Explain how this is consistent with our interpretation of entropy.

c) Most real-life systems are like in case (a), an infinitely number of excited
states are available. However, an inventive nano scientist manages to synthesize
a molecule with only ten states,

Em=me, e>0, m=O,1,2 9

For N molecules, the internal energy, U, is

U ~ ~n1 = N

Discuss how the entropy as a function of the internal energy, SW), behaves
both for this case and for the case in (a) with an infinite number of excited
states.

IHint: Look at U 0, U 9Ne, and a value of U somewhere in between arid
make a rough estimate of the order of magnitude of S(U)l



Exercise 2 (10,10)

a) Give the partition function for an ideal gas with N indistinguishable molecules.
Regard three types of systems: argon atoms, water molecules and butane (C4H10
molecules. Discuss the relative importance of the various contributions to the
molecular partition function by comparing the three types of systems. The
electronic ground state is not degenerate for any of of the systems. Which
approximations do we do when we regard a gas as being ideal?

b) If we would like to calculate the pressure, p from the partition function
discussed in (a), which information is required about the molecules and about
the system, respectively, to do the actual calculation?

Exercise 3 (15,15,15)

Consider a two-dimensional lattice (surface) where each point on the lattice is
occupied with an in-plane electric dipole moment, fl = (ux, p,,). In our model,
the dipole moment can point only in four different directions: north, south, west
and east, as indicated in the figure.

Each dipole moment interacts only with its nearest neighbours, (z = 4). The
interaction energy between two dipole moments j~j and fl2 are given according
to,

3 a12) (fl2 . B12) (flu p2) R?2
v12=- R5
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where B12 is the distance vector (R~, R1,) between two dipole moments so that
JR12 and H12 is the distance.

a) Consider a model where the orientation of each dipole moment is random
(and not correlated with the orientation of the neighbouring dipole moment).
For N dipole moments, what is the internal energy, U? What is the total
dipole moment of the system? What is the Helmholtz free energy, F, at a given
temperature, T? Ignore boarder effects, i.e. assume that each of the N dipole
moments has a coordination number of z = 4.
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b) Let us apply an external field E = (E, 0) so that the system becomes com
pletely ordered, see figure.
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The interaction energy between a dipole moment, fl~, and the external electric
field is

lIE p,E

In which direction will the dipole moments point to get a favourable energy?
What is the internal energy, U, in this case? What is the free energy, F?

c) Let us now consider the process of going from a random phase as discussed
in (a) to an ordered phase in an electric field as discussed in (b). What is
the free energy difference,~F? What is the condition for that the random
phase is stable at a field E and at a field E = 0? Explain if it is possible to
impose a phase transition by applying an external electric field to the system.
What happens if the temperature is increased? What happens if the volume is
decreased?


