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For the two level problem, we showed that the Hamiltonian for the undisturbed atom
(H,) is modified by a term describing its interaction with the light field. H’ = -eEr.
The time dependence in H’ can be eliminated by making a transformation to the
expansion coefficients: '

c, (1) =c, ()
()=,

which leads to a transformed time independent H’:

 n[-26 Q
H ==
20 Q 0

Calculate the energy shifts due to H' (called “light shifts™) for the ground and excited
states, Draw an energy level diagram showing the energies of the states in the absence
of the light field, and then showing the shifts due to the light field. Calculate the light
shift of the ground state in the limit of § « Q and & > (1.
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=3 In laser cooling, the polarization of light plays an important role. Different
configurations of polarization result in different cooling mechanisms. Suppose two

that are linearly polarized with E’l (z) perpendicular to E2 (z) (e.g., onc beam has X
polarization and the other 7) are counter-propagating along the z-axis.. Write an

expression for the total electric field £, (z). Describe its spatial variation, and
calculate the intensity as a function of z. What do we call this polarization scheme?
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Now suppose the two counter-propagating beams have opposite circular
polarizations. Write an expression for the electric ficld E(z). Show that the
-~ 2
intensity, proportional to IE(Z)] » Is independent of z. Describe the behavior of the
field as a function of z. What do we call this polarization scheme?
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% * #Problem 11.1 Rutherford scattering. An incident particle of charge ¢; and kinetic
energy E scatters off a heavy stationary particle of charge g;.

}(Derive the formula relating the impact parameter to the scattering angle.
Answer: b = (q1q2/8meg E) cot{8/2).

{(b) Determine the differential scattering cross-section. Answer:

2
q1q2
D) = . 11.11

© [16negEsin2(6/2):| [ ]

(c) Show that the total cross-section for Rutherford scattering is infinite. We say
that the 1/r potential has “infinite range”; you can’t escape from a Coulomb
force.
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