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22. Rivial of the Rabi oscillations

Consider the Jaynes—Cummings model at exact resonance
1
H= 5%0’2 + hwala 4+ hX(oya + o_al). (1)

The solution for the Schrédinger equation with the atom initially in the excited state |e) and
the field in a general state >, Cy, [n) is given by

[9(8)) = l1hg (1)) |g) + [Ye(t)) le) , (2)
where [¢g(t)) = —i > 02 Cpsin(Btv/n+1) [n+ 1) and [¢e(t)) = > .72y Cn cos(Btv/n + 1) |n).

(a) [*,5pts] Verify that (2) is indeed the solution to the Schrédinger equation of the Hamilto-
nian (1).

(b) [5pts] Find the atomic inversion W (t) for case where the field is initially in a number state
|m). Sketch W (t) over time.

(c) [5pts] Find the atomic inversion W (t) for case where the field is initially in a coherent
state |a). Sketch W (t) over time with a suitable software of your choice.

(d) [5pts] Derive the density operator for the atom at general time ¢ from the solution (2).

23. Dressed states

Consider again the Jaynes—Cummings Hamiltonian in the Schrodinger picture
1
H = iﬁwoaz + hwa'a 4+ hB(ora + o_al), (3)

where we do not assume exact resonance, w # wy.

(a) [5pts] Show that if the field is initially in a number state |m), the dynamic of the system
is restricted to a two-dimensional subspace. Derive the reduced Hamiltonian in this two-
dimensional subspace.

(b) [5pts] Find the energy levels and the eigenstates of the derived Hamiltonian.

(c) [5pts| Assuming exact resonace, w = wy, compute the density operator for the atom when
the system is the energy eigenstates.



