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(2) LEARNING OUTCOMES

The course offers to the student the necessary knowledge for the understanding of basic concepts and
methods of solid state physics, based on the microscopic structure of matter. With the completion of
the course the student is able to:

Understand the crystal structure of solid matter and, more specifically, the concepts of Bravais
lattice, unit cell, reciprocal lattice, as well as the principles of diffraction from periodic
structures with applications on simple crystalline structures.

Distinguish the types of crystal bonds and calculate the cohesive energy of inert-gas and ionic
crystals, as well as of metals using the quantum description of the free electron gas (metallic
bonding-jellium model) in one, two and three dimensions.

Describe analytically the lattice vibrations and their dispersion relations in monoatomic or
diatomic crystals and, also, understand the concept of phonons.

Understand the importance of periodicity of the structure and the potential in the formation
of electronic energy bands in crystalline solids and be able to solve/interpret related simple
problems/phenomena.

Analyze energy band diagrams of solids and, based on these diagrams, distinguish the
materials into metals, semiconductors and insulators. Also, to calculate the energy band
structure of solids by simple approximate methods.

Understand the effect of electric conductivity, in the framework of a semiclassical theory that
describes the dynamic response of electrons in a crystal to an external field, and evaluate the
electric conductivity tensor.

Combine knowledge from classical mechanics, electromagnetism, quantum and statistical
physics for the description of crystalline solids.

Consolidate knowledge of crystalline structure and electronic band theory by means of
laboratory experiments on electron diffraction by pollycrystalline graphite and determination
of the energy band gap of germanium through electric conductivity measurements at
different temperatures.

The course aims at the following general competences:

Search for, analysis and synthesis of data and information, with the use of the necessary
technology

Working independently

Analytical and synthetic thinking

Critical thinking

Problem solving




(3) SYLLABUS

e The structure of solid matter. Bravais lattices. Unit cell.

e Reciprocal lattice. Diffraction from periodic structures. Bragg's law.

e Attractive and repulsive interactions in solids - cohesion (inert-gas and ionic crystals, metals).
e Lattice vibrations. Exact solution of the monoatomic and diatomic linear chain. Phonons.

e Electron states in a periodic potential. The Kronig - Penney model. Metals, semiconductors and
insulators.

e Semiclassical electron dynamics in a crystal. Crystal momentum, effective mass. Relaxation time,
electric conductivity tensor.

e Laboratory experiments: The energy gap of germanium (Ge) semiconductor. Electron diffraction
by pollycrystalline graphite.




(4) TEACHING and LEARNING METHODS - EVALUATION

Face-to-face

Live streaming (distance learning in special circumstances)

Yes

eclass platform.

Electronic communication with the students using ICT
(Information and Communications Technology).
Computer-aided lectures, use of overhead projectors,

Activity Semester workload

Lectures 39
Tutorials 26
Laboratory practice 6
Individual Study/ Study and 101
Analysis of bibliography /

Preparation

Exams 3

Course Total 175

e Theory (written exams in Greek): 75%
e Laboratory (oral examination, reports): 25%
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