Laser Physics question list (oral exam)
Part 1

1. Maxwell’s equations and electromagnetic waves. Derivation of the wave equation from Maxwell’s equations, plane waves, propagation in materials.

2. Schrödinger equation and particle in a potential box. One dimensional Schrödinger equation, plane wave solution, boundary conditions, wave functions and energies for a particle in a 1 and a 3 dimensional potential box. Density of states.

3. Electron states and transitions in a spherically symmetric potential (atom). Semi classical calculation of the energy states. Spectrum of the H atom. Angular momentum, s and p states, electron spin.

4. Interference and propagation. Two-wave and multiple wave interference, Huygens-Fresnel principle, beam propagation. Resolving power of a lens, coherence.

5. Main quantum numbers, the Pauli exclusion principle in multi-electron atoms. He atom, symmetric and anti-symmetric wave functions, Pauli principle, periodic table of elements, electron shells.

6. Molecules. H2+ ion, combination of atomic orbits, even and odd combinations, bonding and anti-bonding orbits, the covalent and the ionic bond.

7. Maxwell-Boltzmann and Fermi-Dirac statistics. Distribution of particles, statistical equilibrium, conditions for classical particles, Maxwell-Boltzmann distribution. Population of energy states in thermal equilibrium conditions for fermions, the Fermi-Dirac distribution at T=0 and T(0.

8. Electron states in solids, conductors, dielectrics and semiconductors. Broadening of atomic electron states in solids, schematic bond structure of metals, dielectrics and semiconductors. Electrons in intrinsic and extrinsic semiconductors. The p–n junction.

9. Bose-Einstein statistics, interaction of light and matter. Conditions for bosons, Planck’s law. Absorption and emission of light in thermal equilibrium, principle of laser operation.

Part 2

10. Interaction of light with matter, line broadening mechanisms. Probability densities of the different transitions under various conditions. Homogeneous and inhomogeneous broadenings, lineshape functions. Numerical examples (approximate values). 
11. Coherent optical amplifier. Gain, bandwidth, phase, power source (theoretical steady state population difference without and with amplifier radiation) and nonlinearity (saturation in homogeneous and inhomogeneous media).
12. Pumping in the practice. Three- and four-level pumping schemes. Optical pumping, configurations, examples. Diode pumping arrangements in solid state lasers. Efficiencies.

13. Passive optical resonators. Determination of modes in plane-parallel resonator and Fabry-Perot systems. Determination of the frequency of modes from the longitudinal phase factor. Frequency dependence of the transmission. Characteristic parameters for losses.
14. Ray analysis of the resonators, built from spherical mirrors. ABCD matrices, ray tracing in paraxial approximation. Stability condition. Stability diagram, specific resonators, their arrangement.

15. Properties and characteristic parameters of the Gaussian beams (TEM00). Intensity, power (power measurement), divergence, propagation characteristics, phase. Transmission through optical components (transformation of q). Limit of the plane wave approximation. Conditions for a field distribution to be a mode of the resonator. 
16. Continuous laser operation. Gain condition, phase condition. Steady-state operation (stationary photon flux density and inversion density). Frequency of the laser modes (mode-pulling effect). Spectral bandwidth. Multimode operation in homogeneous and in inhomogeneous systems (spatial and spectral hole burning).

17. Pulsed laser operation. Difference between external and intra-cavity modulation. Simple analysis of a transient effect. Gain switching, Q – switching (or cavity damping). Mechanical, electrical and passive solutions. Mode locking, simple theoretical description, pulse length and peak intensity.
18. Semiconductor lasers and applications. Direct and indirect bandgap semiconductors. First laser diode: p-n junction in forward bias. Application of lasers in industry and medicine, including laser diodes. Application examples. How to build your own diode laser system?
