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Problem III

(a)

A

We have Vi ={j.k;| = p-EE®)e™|1,k)=(j|- p-EE®)|){k,

eik2|kl>

Substituting ( Jj | f) -EE(1)|1)=hy #(t) and writing the second matrix element as an overlap
integral in the coordinate representation (W pis, !'z"! Z=e* and ! |

| prsa | Ty s A EPGRRIN &) (| s [ &)
Uy "D At — 1t

where Al I 1o —14,

Note: Momentum eigenstates are not physical in the sense that the corresponding plane waves
are not normalizable. The same holds for the optical field. To get rid of the singularity
represented by the delta function we could consider normalizable wavepackets for both the atom
and the light that come arbitrarily close to plane waves. This is not important for the point we
are making here.

(b)

(c)

For the transition to be allowed, the momentum change of the atom when it goes from an
initial state |1) to a final state |!) must be 1Al | Al - —#l4! Al . So in going from the
ground to excited state the atom momentum must increase by ! . If we regard the
process as absorbing a photon then momentum conservation implies that said photon
must carry a momentum F! .

The momentum operator is diagonal in the |!!"!> basis, so ~<!! #} I g hitts" " o fittos.
Exactly at resonance the probabilities of finding the atom in the states |I'!,) and |2,!,)
vary as

Jol HEE %( [ THS Sl &Y
The expectation value of the momentum is thus

18 SO &S (L H)O &ShYb L (L HO! & B

Plot: !<!J-'""¢%
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