PH456

Atomic  Physics

1. One-electron atoms

1.1 The Schrodinger equation for one-electron atoms
1.2 Energy  Levels
1.3 The eigenfunctions of the bound states
1.4 Expectation values. The virial theorem
1.5 One-electron atoms in parabolic coordinates

1.6 Special hydrogenic system: positronium; muonium; antihydrogen; muonicand hadronic atoms; Rydberg atoms

Problem

2. Interaction of One-electron atoms with electromagnetic radiation

2.1 The electromagnetic field and its interaction with charged particles

2.2 Transition rates

2.3 The dipole approximation

2.4 The Einstein coefficients

2.5 Selection rules and the spectrum of  one-electron atoms

2.6 Lines intensities and the lifetimes of excited states

2.7 Lines shapes and widths

2.8 The photoelectric effect

2.9 The scattering of radiation by atomic systems

Problem

3. One-electron atoms: fine structure and hyperfine structure

3.1 Fine structure of hydrogen atoms

3.2 The Lamb shift

3.3 Hyperfine structure and isotope shifts

Problem

4. Interaction of One-electron atoms with external electric and magnetic fields

4.1 The Stark effect

4.2 The Zeeman effect

Problem

5. Two electron atoms

5.1 The Schrodinger equation for two-electron atoms. Para and orrtho states

5.2 Spin wave functions and the role of the Pauli exclusion principle

5.3 Level scheme of two-electron atoms

5.4 The independent particle model

5.5 The ground state of two-electron atoms

5.6 Excited states of two-electron atoms

5.7 Doubly excited states of two-electron atoms. Auger effect (autoionisation). Resonances

Problem

6. Many-electron atoms

6.1 The central field approximation

6.2 The periodic system of elements

6.3 Thomas-Fermi model of the atom

6.4 The Hardtree-Fock method and the self-consistence field

6.5 Correction to the central field approximation. Correlation effects. L-s coupling and j-j coupling

6.6 Density functional theory

Problem

7. Interaction of many-electron atoms with electromagnetic radiation and with static electric and magnetic fields

7.1 Many-electron atoms in an electromagnetic field

7.2 Selection rules for electric dipole transitions. Oscillator and line strengths

7.3 Retardation effects. Magnetic dipole and electric quadrupole transitions

7.4 The spectra of the alkalis

7.5 Helium and the alkaline earths

7.6 Atoms with several optically active electrons. Multiplet structure

7.7 X-ray spectra

7.8 The Stark effect

7.9 The Zeeman effect. The Hanle effect and level-crossing spectroscopy

Problem
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