Physics 522. Quantum Mechanics Il
Problem Set /9
Due Thursday, May4, 20(8

Problem 1:. Driven Harmonic Oscillator: Merzbacher Exercise 19.2 (10 Points)
Considera forced linear harmonicsoillator, described by a Hamiltonian,
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wheref(r) is the timedependent force.

(a) Compare the transition probabilifyom the ground staten=0 to excited staten you
find in first-orderperturbation theoryo theexact solution to the timalependent
Schrsdinger equationyhich gives,
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(b) Calculate the energy transfer to the oscillator exactly and in perturbation. tS8eory
that classical mechanics gives the same result for an oscillator initially.at rest

Problem 2: Hydrogen between capacitors (10 points)

A hydrogen atom is placed between the glatiea capacitor. The electric field between
the plates is independent of location (large area plates compared to the gap). The
capacitor is turned on at0 and then decays exponentially with a time constant
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Find the frst-order probability that the atom is found is the satstate, i.e., the state
|20,0), after a very long time. Also what is the probability that it is found in each of the
three  states, i.e]21,m).

Problem 3: Photon absorption crossection and photon scattering (10 points)

Given a laser beam at frequengyincident of an atom, we can define the absorption
crosssection in the usual way,
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..is the incident intensity anl,, is the absorbed power Assume a OweakO
incident (polarized) monochromatic (narrow band) plaage near resonance to a two
level transition|g)! |e), for a time T>>1F, whereT is the atomic linewidth.

wherel.

(a) Use FermiOs Golden rule to show that
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and for the case of lifetime broadening, (", )= where
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is the absorption crosection on resonanca%0).

(b) Using the expression for the spontaneous emission rate (EiAstegtficient),
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o | ,=6"D (Je m, + qllq J mg)r, when the field is polarized along wighand the

atom is OpolarizedO, i.e. prepared in a well defirstdte.
e ! ,=2"%"if the field and/or the atom ar@polarized.

The bottom line here is that the resonant cross section is of the order of the square of the
exciting wave lengthmuch larger that the physical cross section of the atom itself for
optical resonance.

(c) If a photon is absorbed by an atom is will eventually be emitted. This is not
necessarily true of other matter, e.g. a molecule or condensed mater (liquid or solid)
where the excited matter can relax with other degrees of freedom such as vibrational
motion (phonons) etc. The absorption of a photon followed by spontaneous emission is a
random direction ighoton scattering.

Argue that for weak fields, the scattering cr@extion is equal to the absorption cross
section,! . (")="! ,.("), ard show that thecattering-rate is,
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where s = -

2'+T2/4 is the saturation parameter.



