
Quantum Optics
Problem set no 12

Monika Aidelsburger
(Due: Feb. 3rd in the lecture or before in H226)

Jan 26, 2020

This is the last Problem Set before the final exam.

The final tutorial session in the last week of the semester is meant to be for general discussion and
asking questions which you might have about any part of the lecture.
For that reason, rather than “normal” questions, this problem set contains a series of shorter ques-
tions covering the entire semester rather than just the current topic.

1 General questions

(a) Does the following density matrix describe a pure or a mixed state?
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(b) Calculate and draw the Bloch vector of the above state.

(c) Does a coherent state stay coherent if photons are lost by decay? (Assume that a coherent state
of photons is created in a cavity mode. Photons from this mode are lost by randomly leaving
the trap with decay rate γ). Of course, explain your answer; and give a short description how
the state evolves in time.

(d) How about a Fock state? Does this state stay a Fock state under decay of photons (and why)?

(e) Which terms have been neglected in the derivation of the Jaynes-Cummings-Hamiltonian and
why is this a good approximation?

(f) What is the sign of the AC Stark shift of the ground state for red-detuned light?

(g) What is described by the Q-factor of a cavity?

(h) How does the AC Stark shift depend on the number of photons in a far-detuned cavity?

(i) What is the quantum mechanical second order correlation function of a Fock state of a field
mode?

(j) What is the pulse sequence typically used in atomic clocks?

(k) What is a Quantum Non-Demolition measurement?

(l) What is the definition of an entangled state?

(m) How does the Rabi frequency created by a resonant laser beam depend on the beams intensity?

(n) What is the difference between entanglement and correlation?

(o) What determines the frequency of the vacuum Rabi oscillation?
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