APPLICATION OF TIME-DEPENDENT PERTURBATION
THEORY TO ELECTROMAGNETIC RADIATION

In class and on the spectroscopy handout we derived the expression for the contribution of
an excited state as the result of a perturbation:
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We stated (with some illustrations of the nature of the vector potentia K) that
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H' = e (Ap+p[A) where
A= Agcos(kz - ot )i’ w=2T1v note: Ay=2a, of Bohm'streatment

for a plane electromagnetic wave with its electric field in the x-direction and traveling in the z-
direction.

We wanted to “fill in the steps’ for derivations which led to two results:
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for radiation of asingle frequency v.
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and:
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for asmall spread of frequencies centered around v with intensity 1(v).

To derive | we substitute H' into the formulafor CB:



Application of Time Dependent Perturbation Theory . . . page 2

Co=—4 [ " ot (o= Hl (W) (A piA)) [y

U 2mcl]

Sy

since A for our plane waveisin the x direction but is only afunction of z, p;p (A=A Hb_;p and
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expanding 2cos(kz — wt) = €& + ed*2=N with oo, = (B - E,)/h
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Completing the time integrations:
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If Eg > E (absorption) then only the first term will be important [check denominator] and if we are
dealing with emission wg, < 0, the second term is dominant. Since we will be after

2
‘CB‘ = CpCp. the first and second terms are complex conjugates for the cases with [og, [ and

—Llwp, U asthe transition energies. Thus, treating the first term in absorption (wg, > 0) will lead to

identical transition probabilities as the second term in stimulated emission (wg, < 0), i.€., equal
probability of absorption and stimulated emission.
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To get result 11 we consider arange of incident frequencies with amplitudes Ay(v) (this defines the
“band”) and integrate, over al frequenciesin the band, the probability that radiation at single
frequency v caused atransition.
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from applied math I|m where d(X) isthe Dirac delta such that

}f(x)é(x)dx =(0).

For t —t, long compared to (wgy — )™ (about 10" sec or less) the Dirac delta limit is
approximately satisfied and
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where vy isthe value of v such that “X” = (g — ) =0, i.€.,, Vo = Vg, the transitions freq. Using

an expression from classical el ectrodynamics relating the intensity of the wave to its electric field
(viathe Poynting vector).
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To get the probability per unit time per intensity we divide by [(vg)(t —tp)
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