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Course annotation 

The aim of the course is to provide to PhD students a basic knowledge of Quantum Optics. The 

course will cover the following specific topics: 

 

1. Classical electromagnetic field and Maxwell equations. 

2. Normal mode expansion of radiation. 

3. Quantum harmonic oscillator. 

4. Quantization of the EM field. 

5. Photon number states. 

6. Coherent states. 

7. Squeezed states. 

8. Quadrature components of electromagnetic radiation. 

9. Ground state of quantum radiation (Heisenberg relations, vacuum fluctuations). 

10. Pure, mixed and entangled quantum states of radiation. 

11. Mach-Zehnder interferometer. 

12. One-photon wave-packet. 

13. Hamiltonian for quantized field interacting with the matter. 

14. Absorption, spontaneous emission and induced emission.  

15. Rayleigh, Thomson, resonant and Raman scattering. 

16. Jaynes-Cummings model. 

17. Purcell effect for spontaneous emission. 

18. Two-photon interference: Hong-Ou-Mandel experiment. 

19. Spectral lines (homogeneous/inhomogeneous broadening; Schawlow-Townes limit). 

20. Laser cooling and trapping of atoms. 

21. Coherent population trapping. 
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