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Lectures 20 Consultations 10
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Introduction. Experimental background. Schrodinger equation. Central field approximation.
Foundations of the angular momentum theory. Non-relativistic and relativistic atomic
Hamiltonians and wave functions. Relativistic corrections and effects.

Many-electron atoms and ions. Coefficients of fractional parentage and grandparentage.
Two and more shells of equivalent electrons. Antisymmetrization of wave function.
Energy level structure of atoms and ions. Classification of energy levels using various
coupling schemes. Intermediate coupling. Optimization of the coupling scheme. Hyperfine
structure of the energy spectra, isotopic and Lamb shifts. Correlation effects.

Radiative electronic transitions in atoms and ions. Line and oscillator strength, transition
probability, lifetime and line intensity. Selection and sum rules for electronic transitions.
Allowed and forbidden transitions. Peculiarities of electric dipole and quadruple as well as
magnetic dipole transitions.

Interaction of atoms and ions with photons and electrons. Elastic and inelastic scattering.
Classical, quantum, and semiclassical description of scattering. Cross section of scattering.
Born approximation. Lippmann-Schwinger equation. Plane waves. Partial waves.
Resonances.

Photoexcitation, photoionization, and photorecombination. Detailed balance principle.
Electron-impact excitation. Collision strength. Close coupling approximation. R-matrix
method. Distorted-wave Born approximation. Plane-wave and Coulomb-wave Born
approximation. Independent processes isolated resonances approach.

Electron-impact ionization. Time-dependent close-coupling method. Coulomb-Born and
distorted wave approximations. Dielectronic capture and recombination. Autoionization.
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