Solution 8
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869 We know that for there to be a spin—orbit interaction £ must be nonzero, so that n must be at least 2. Let us use
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872 jmay be é+4 ot é-1, giving respectively a 4F,,,and a 41, state. As noted in Section 8.7, the state of higher j,

where L and S are aligned, is of higher energy. (b) For a given j there are 2j+1 values of m, (i-e., from —f to 4 in
integral steps), which correspond to as many different orientation energies in the external ﬁcld For j = 5/2, 2/+1
= 6, while forj=7/2 itis 8
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9.26  There are six ways—(0,5), (1,4}, (2,3), (3,2), (4,1} and (5,0)—and 61/(5!1!) is indeed 6.

(b) There are 15 ways—(0,0,0,0,2), (0,0,0,2,0), (€,0,2,0,0), (0,2,0,0.0}, (2,0,0.0,0), (0,0,0,1,1), (0,0,1,0,1),
(0,1,0,0,1), (1,0,0,0,1), (0,0,1,1,0), (0,1,0,1,0), {1,0,0,1,0), (0,1,1,0,0), {1,0,1,0,0) and (1,1,0,0,0)—and
6M(2131) is 15,

928 There are two ways to go here. Equation (9-12) gives the probability. The energy E, is nha,. Thus,

— by g T =iy, (LT
P(E) = ——————. The sum in the denominator can be simplified:— , where x =g Using
zg'“%““r ) Ex.u
=l =l
Ex" ——, the probability becomes {1 —e /%7 )" For p =0, i.e., for the ground state, this becomes

P(0) -(I—e“"""“’]. We see that a larger T implies a smaller probability. At what 7 is it one—half?

. h
L (-} = LN WL T other route is to use (9-17). For n = 0, it becomes simply
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P(0) = . Rearranging (9-16) and inserting gives P{0) =(J -e"""'”'"r) , as above. As always, k;T needs

Mf N
to be comparable to the jump between levels before the probability gets large.



936  There are 2" values of £, m and m, for each . The number of particles with energy E, is the number of states
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times the Boltzmann occupation number: # with energy E, = 2n*e ™'%" Thus
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(b) As n becomes larger the 1/%” approaches zero, so that the ratio becomes n'e “5V kT . Given a high enongh
n and/or T this would exceed unity,

(c) At 6000K, kT = (138x10™"IK)(6000K)(6.25%10°eV/)) = 0.5175eV. Thus 0.01 = nle 805 _y
n=51,000.

(d) The fifty—thousandth quantum level is essentially free. Taking into account ionized atoms would change the
whole picture.
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