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Question 2 (14 marks):

Weak Binding Limit:

A direct way to calculate the electronic band structure of a crystal is the
»weak binding limit*, which is starting from the dispersion of a free elec-
tron:

M Explain the technique of the ,weak binding limit“ by using a sketch of
the first Brillouin zone of a solid.

V(‘ﬂ Calculate the two-dimensional band structure in the »weak binding li-
mit“. Consider a two-dimensional square lattice with the lattice constant
a with one electron per lattice site. The electrons interact with the nuclei
through a weak two-dimensional box-potential as follows:

2b

Vigy) = —Vo, with |z],ly| <b

Vi(z,y) 0, otherwise
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Question 3 (8 marks):

Angular Resolved Photo-Emission Spectroscopy:

d}% Give a brief sketch of the experimental setup of the ARPES techni-
que (Angular Resolved Photo-Emission Spectroscopy) and label the various
components.

How can the electronic band structure be measured using the technique
ARPES? Give a sketch of the corresponding band structure and denote the
observed transitions.

~(c¥ The figure below shows the theoretical model and the ARPES data of
the Fermi surface of a 2-dimensional layered material (the superconductor
BiySryCaCuy0g). Explain the deviations of the Fermi surface at the zone
boundary from a perfect circle in terms of the 'weak binding limit’ appro-
ximation.
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Question 4 (16 marks): Optical Absorption

The optical absorption coefficient is given by:
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Question 5 (15 marks):

This question focusses on charge carriers in a semiconductor structure at
room temperature. You can find the band offsets and masses listed at the

end of the exam.

¥ Construct an heterostructure that contains a 20nm wide
quantum well for electrons and holes that are sufficiently deep to bind
the first few sub-bands at room temperature. Sketch the band structure

and indicate the materials in the sketch.

Calculate the energy of the first 4 sub-bands for electrons in the well.

f@ Calculate the energy of the first 4 sub-bands for holes in the well.
[_4"Sketch a graph of the electron and hole density of states of this well.

@At which wavelength would you observe the first exciton absorption
for this well?



Uestion 6 (6 marks):

In the lectures we have intensively discussed the derivation of the first Jose-
phison equation, J = J, sin(@). Can you anticipate what will happen to J in
this formula in the case the junction has a very thick oxide layer (i.e. a > 1)
Instead of a very thin one like in the lectures. Can you also anticipate what
will happen to J in this formula in the case T 3> Turitical, i-€. the tempera-
ture of the measurements is much higher than the critical temperature of
the Superconducting leads?

ﬁéstion 7 (10 marks):

During the lectures we have introduced a model called the Resistivqu fmd
Capacitively shunted Junction (RCSJ ') model, which allows the description,
in a simple and direct way, of the dynamical evolution of a real Josephson K

Junction (JJ). Without repeating the calculations leading to the introduc- vad
tion of this model, can you: - &UL : - J,.()ﬁ

(¥’ Schematically draw the basic electrical circuit elements that are assu- /
med to be present in this model? t 5 T
) e

: )
- Briefly (2-3 sentences) explain the main advantages of this model? shurng e 0¥

58./ Discuss which ,,order parameter“ can be used to describe the overall Q ) plod?€
properties of a Josephson Junction according to this model? ot:H e

According to this RCSJ model, which system can be used as a »classical®
equivalent to the ,,quantum® Josephson Junction one? Once more, you don’t ZSCD A

need to write all the calculations but just to briefly outline the most import- "F‘M‘ &

ant conclusions and the most important properties that are a consequence
i introduced

of the introduction of this model, Lastly, i

the quality factor, Q, and we i effect of being in
one of these two limits a) Q < 1 and b) Q > 1. Can you briefly discuss

what is the main difference in the I-V behaviour of the junction that can
be anticipated from these two a) an 1mits:.
Question 8 (9 marks):

Can you estimate, via Hund’s rules as it has been done in the getures, the
values of S¢,, Le, and Jg, fo >t knowing that the lashell (hint:
n=3) of this atom contail% Once you know the Value of the .J
and by following the approach—oftie lectures, it is possible to anticipate
that the magnetic properties of a particular material made of these Cr2t

atoms will be mostly dominated by only one kind of magnetism (between
the ones that we have studied in the lectures). As a consequence of this:

A}
J#Can you anticipated which kind of magnetism this material will have? A M

Can you, again by simply using the approach of the lectures, anticipa-
ted the kind of temperature dependence that the magnetic susceptivity

(Xm = %) of this material is expected to have? W

5 Coact




Question 9 (5 marks):
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(@) 22etgh(232y) - etgh(sy)
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(d) 37sinh(z5y) — s sinh(z5Y)
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Questiop10 (5 marks):

For hypothetical magnetic material, in which the electronic configura-
tion of the last shells of atoms leads to a positive value for the exchange
integral, i.e. Jgzchange > 0, we can imagine to be in the hypothetical case
(not possible in real systems) of having Jgschange  1/(distance) with a
long range of action and the dipole-dipole forces having a short range of
action (i.e.: o« exp[-distance]). Without the need of calculations, but just by
using the intuitive approach discussed in the lectures, can you give a rough
estimation of how many Weiss domains this hypothetical material would

have?
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