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Course annotation

The course aims at presenting an integral and systematic description of the physical properties
of crystalline solids at the doctoral-studies level.

The course develops the microscopic description of solids starting from crystal structure and
symmetry and proceeding through electronic structure, semiconductor physics, charge-carrier
dynamics, lattice vibrations, and thermal phenomena. Particular attention is given to the relation
between microscopic quantum-mechanical models and experimentally observable properties of
solids. The main topics of the course (and their approximate content): Crystal structure and
crystallography (long-range order and periodicity, translation and point symmetry, Bravais
lattices, primitive and Wigner—Seitz cells, point groups, classification of crystals, Miller indices,
characteristic ionic, metallic, and covalent crystal structures). Crystallophysics and reciprocal
space (tensors of physical quantities, coordinate transformations, Neumann principle, stress and
strain, reciprocal lattice, crystallographic planes, Brillouin zones, Fourier representation of
periodic structures). Diffraction in crystals (X-ray diffraction, Laue equations and diffraction
conditions, Bragg law, reciprocal-space interpretation of diffraction and principal experimental
diffraction techniques). Microscopic description and chemical bonding in solids (many-particle
Schrédinger  equation,  adiabatic/Born—Oppenheimer  approximation,  static-lattice
approximation, interatomic interaction, ionic, covalent, metallic, and van der Waals bonding).
Single-particle description of the electronic system (Hartree, Hartree—Fock and density-
functional approaches, exchange interaction, quasiparticles and the jellium approximation).
Electron gas in solids (Boltzmann and Fermi gases, Fermi—Dirac statistics, density of states,
Fermi energy, Sommerfeld description, electron correlations, Wigner crystallization and
screening of the Coulomb interaction, including Debye—Hiickel, Thomas—Fermi and Lindhard
approaches). Electronic band structure (Bloch theorem, Brillouin-zone reduction, Kronig—
Penney model, tight-binding and nearly-free-electron approximations, Wannier functions and
Fermi surfaces). Methods of band-structure analysis (cellular, APW, OPW, KKR,
pseudopotential and LMTO methods, \(k\cdot p\) approach, effective mass, Kane and Luttinger
models, semiconductor band structures). Electron dynamics in external fields
(quasiclassica/ WKB  equations of motion, effective-mass and envelope-function
approximations, Wannier description, electrons and holes). Semiconductors (electronic
structure of elemental and compound semiconductors, shallow and deep impurities, impurity
states, carrier statistics, heavily doped semiconductors and the insulator-to-metal transition).
Electric- and magnetic-field phenomena (electrical conductivity, drift velocity, mobility, Bloch
oscillations, classical carrier motion in magnetic fields, Hall effect, magnetoresistance, Landau
quantization, spin splitting, magnetization and de Haas—van Alphen oscillations). Phonons and
lattice dynamics (harmonic approximation, normal vibrations, one-dimensional monoatomic
and diatomic chains, acoustic and optical phonons, quantization of lattice vibrations, infrared-
active optical phonons and polaritons, three-dimensional lattice dynamics, dynamical matrix,




polarization vectors, Bose—Einstein statistics and the elastic-continuum description of acoustic
phonons). Heat capacity of solids (Dulong—Petit law, Einstein and Debye models, low- and
high-temperature limits and electron and phonon contributions to heat capacity). Experimental
investigation of phonon spectra (infrared spectroscopy, inelastic neutron scattering, Raman and
Brillouin scattering, acousto-optical effects and ballistic phonon imaging). Anharmonic effects
and thermal transport (thermal expansion, Griineisen theory, phonon—phonon interaction,
selection rules, normal and Umklapp processes, phonon and electron contributions to thermal
conductivity, isotope scattering and boundary-limited phonon transport).
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