AN
f |
/11. | Briefly describe the setup and results of the Stern-Gerlach experiment. (4]

../ The change in the Hamiltonian for arbital and spin interaction with an external
magnetic field B = (0.0, B, is

AF = EEE:I:J:.-; +g5.).

Explain qualitatively the origins of the terms involving [ and 5 and explain why
the inclusion of the term involving 5 is necessary in erder to describe the results of
the Stern-Gerlach expenment [4]

Suppose that Ynimem, satisfies the rime-independent Schrodinger equation for a
hydrogen atom with energy E, in the absence of any magnetic field, where the
quantum mumbers {n,[,m, 5, m,} have their usual meanings. What can you say
about. the result when the operators (i) L, and {ii} 5 are applied to Ut et 12]
Show that in the presence of a magnetic field (0,0, B,) it remains & solution but
with energy
Eq + ;.!-Hfjk[m 2 g:l'.l"l.,}.

[5]
Hence write down the solution of the time-dependent Schridinger equation corme-
sponding Lo Y lm,sm,. 18 the presence of the external field. 2]

Suppose the state of the atom at time £ = 0 is a linear combination of solations with
two different values for m, but the same values for all the other quantum mumbers:

ks
‘l"[f e |'_'|:| (= ﬁ[wn,l,:rt.s.m,=+1,f2 i *:r'f‘r:,:.m.s.m-ra!.fﬁ]-

If the magnetic field is applied at time © = 0. show that the wave-function at
subsequent times ¢ 1s

== E =+ E: i h- [ i
"i'l:f:l — E}:P{ l[ - ;".”H -}JIII ]IE_bREr:'Hﬁ!"-rt.i.m.a.m,=+1,l‘2+e ﬂbﬂ‘”h%,hm.:.m.:—1ﬁ]-

3]
[You may assume that g = )
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