Physics 235 Problem Set #6 Guide and Answers Professor Mallinckrodt

Please note that (except where otherwise noted) these are decidedly not intended to model “good” solutions; you would need
to add figures and lots of words of explanation. They are intended to help you work through problems that you may have had
trouble with, not to demonstrate superior quality writeups. Please come see me if you have further questions. Thanks!

7.8 Pretty much a plug’n chug here!
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and the ! and " integrals are the same.

7.9 Another plug’n chug! Recall that a, = . Also note that, in both cases, the 6 and ¢ derivatives are zero so
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we can immediately divide through by ! (")# ($) and the normalization constant to get
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7.17  Itis straightforward to carry out the required integrals and show that
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Thus, we see that Figure 7.5 is wrong as it has these average r-values reversed. We should have suspected that since
the pattern shown for n = 2 does not follow the trend shown for n =3 and 4.
. 2KT . .
7.20  The atoms emerge from the oven with a most probable speed v=,|—— . They experience a vertical
m
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u = Hy dB for a time ¢ = 4 while they are in the field region and achieve a
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deflection speed of v, = at they then continue to deflect at that speed for another time t = — while they are in the
\%

field free region. The total deflection distance is the sum of the deflections in the field region and in the field free

d . . . .
. Atoms with the magnetic moment, deflect the other way, the separation of the images

region, A ~ V—l(—j +v, (ﬂ
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on the screen is Ay = 2A = 3v, (d /V) = 3&((1—)(9] = éﬁd— =1 cm . This is much larger than in the
m\ dz/\ v 2 KT dz
book’s example because both the field region and the field-free region are much larger.

7.22  Starting in the 5g state, there is only one path down to the 1s state as shown in the diagram below for part a. Stating
in the 5d state opens up a lot of possibilities and you should be able to show that there are five different paths to the

Is state in the diagram for part b. (Several that end up in the 2s state are not shown.)
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7.23  Draw a diagram like Figure 7.22, but with a five way split for the upper 3d state and a three way split for the lower 2p
state. You should easily see that there are 15 potential transitions, only nine of which obey the selection rule that

m =0,%£1, and that there are only three possible three photon energies with E, > E, > E; as follows:
E3

Energy E, E,
3dstate | m=2 | m=1 m, =0 m=1 | m=0 | m=-1] m=0 | m=!1|m=-2
2pstate | m, =1 | m=0 | m=-1| m=1| m=0 | m='1| m=1| m=0 | m=-1
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