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Exercise VI Abgabe: 17.12.20

1 Radiation Reaction

The field acting back on the dipole due to radiation is called Ese]f and it can be seen as a
friction.
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The Abraham Lorentz back action can be written as
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where i = g7 is the electric dipole moment. Show that the effective polarizability with radiative
corrections reads

where « is the dipole polarizability.

2 Polarizability of a Classical Point Like Radiator

Calculate the polarizability acp, of a classical point like radiator, with dipole moment f@ = g7,
starting from the equation of a forced harmonic oscillator
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where Eo is the applied electric field, I is the non-radiative damping rate, and I" = ng is the
radiative decay rate from the Abraham Lorentz back action (see previous question).
3 Polarizability of a Two Level System

Calculate the polarizability of a two-level system (TLS) arg in the semiclassical theory starting
from the Hamiltonian

H = Hyps — [d- Ey), (4)

where Ej is the applied electric field, d is the dipole operator and
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is the Hamiltonian of the TLS, where wy = % is the resonance frequency, and o, =
<(1) _01> is the Pauli matrix. Similarly, o, = <(1] O> can be used for the interaction term,
A= 0 di2 Ey e~ iwt it A
b= (d21 Eg et 0 =RV €6, (6)

where V is the Rabi Frequency, V = —dlg%.
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4 Coherent/Incoherent Emission of a Two Level System

The polarizability of a TLS is responsible for coherent scattering, which can be calculated as
the power scattered by the induced dipole i = aTLSEO- In the lecture, we also demonstrated
that the total power (coherent plus incoherent) emitted by a three-level system is proportional
to the excited-state population in the steady state p35 times the radiative decay rate I'y

P=h wo p;; Fl. (7)

Calculate the coherent and the incoherent power as a function of the incident power and
show that at low pump power the power is primarily coherent and that above saturation the
power is primarily incoherent.
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