Classical and Quantum-chaos

List of subjects for oral exam
1. Dynamical systems and maps: Poincaré map, periodic systems, definition of chaos and Liapunov exponent. Some examples. Fixed points, their typical structures (classification), stable and unstable manifolds, hyperbolic fixed points. Limit cycles, quasiperiodic motion.
2. Logistic map:  period doubling cascade route to chaos, Feigelbaum numbers, behavior of Liapunov exponents, physical examples. 

3. Attractors and strange attractors. Strange attractors as fractals, basic properties of fractals, the baker’s map (Liapunov exponents and fractal dimensions).

4. The intermittency route to chaos. Intermittency in the logistic map, and critical behavior. Hopf and inverse Hopf bifurcations.

5. Routes to chaos: intermittency, period doubling cascade, the Ruelle–Takens–Newhouse route; crisis.
6. The Lorenz-model. Evolution of fixed points, bifurcations and attractors. 

7. Basic properties of Hamiltonian systems. Poincaré invariants, stability/structure of symplectic fixed points.

8. Perturbed integrable Hamiltonian systems. Action-angle variables and integrable motion. Essence of KAM theorem: resonant and non-resonant tori and their stability.

9. The kicked rotor. Tori, fixed points and their stability.

10. Spectral statistics in quantum systems with chaotic classical limit. Weyl-formula, unfolding, spacing in 2D billiards, level repulsion, Wigner-surmise, Poisson statistics.
11. WKB-approximation, semiclassics in 1D quantum potential, turning-point, Bohr-Sommerfeld quantization, Maslov-index, tunneling.

12. Gutwiller’s trace formula, periodic orbit expansion. Weyl-transformation, phase-space distributions, Wigner-function. Loschmidt-echo, fidelity in the 2nd order perturbation and the Fermi’s golden-rule regime.
