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22.5.3: iii. Exercise Solutions
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a. Evaluate the z-componenet of z;:
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Using integral equation 4 to integrate over r and equation 17 to integrate over 6 we obtain:
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b. Examine the symmetry of the integrands for (2p,|ez|1s) and (2p,|ey|1s).
Function Symmetry
2p, -1
X +1
1s +1
y +1

Under this operation the integrand of (2p, |ez|1s) is (-1)(1)(1) = -1 (it is antisymmetric) and hence (2p,|ez|1s) = 0.
Similarly, under this operation the integrand of (2p,|ey|1s) is (-1)(1)(1) = -1 (it is antisymmetric) and hence (2p,|ey|1s) = 0.

3hic?

(3(5)2) () a7

3hic?

(2 e () 28
8%\ af 72 ) (2)31°
hic338q
87428

2

Inserting ® = we obtain :
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So, for example:

Atom TR

H 1.595 ns
He™ 99.7 ps
Lit2 19.7 ps
Be'3 6.23 ps
Ne+t? 159 fs

Q2
)
a. H=Hy+ M H'(t),H'(t) =V(t), Hypr, = Expp, wr, = — ,Zhat =Hy
let (r,t) =ik c;(t)pje /' and insert into the above expression:
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So, (22.5.3.20)
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Going back a few equations and multiplying from the left by ¢}, instead of ¢,,, we obtain:
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So, (22.5.3.24)
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Now, let: (22.5.3.26)
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and substituting into above we obtain: (22.5.3.29)
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first order: (22.5.3.31)
RO 70 =cd0=1 (22.5.3.32)
second order: ¢! T Zc 0)H/ i)t (22.5.3.33)
(n+1)* order: (22.5.3.34)
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Similarly: (22.5.3.36)
first order: (22.5.3.37)
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second order: (22.5.3.39)
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(n+1)* order: (22.5.3.41)
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So, (22.5.3.43)
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Similarly, (22.5.3.55)
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So, the overall amplitudes ¢, and ¢y, to second order are:
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b. The perturbation equations still hold:
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c. In part a. the ¢(2)(t) grow linearly with time ( for V;,,, = 0) while in part b. they remain finite for (0. The result in par a. is due to the sudden turning on of the field.

d.
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Now, look at the limit asn — 0% : (22.5.3.74)
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So, the final result is the 2 "¢ order golden rule expression: (22.5.3.77)
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For the sudden perturbation case:
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-~ toorder V2, |, (8)]* =13 |ex(t)|? , with no assumptions made regarding Vi .
&

For the adiabatic perturbation case:
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lem (@®)]? ; hzn(‘ngmJ; Tt _ihzn‘?;:fg;mn) +0(V?) (22.5.3.84)
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e = Vk”"’”’“ e2m+o<v3) (22.5.3.88)

(B — Ep)? + h212
- to order V2, |cp, (z‘,)\2 =1-Y|ex (t)\2 , with no assumptions made regarding V/,,,, for this case as well.
k
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