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An electron s injected into a region where there is a constant magnetic field B along the z-axis. At =0,
the direction of the electron’s momentum is along the x-axis, and it is completely polarized so that its spin
is along the direction of the beam. Let & be the angle berween the electron’s momentumn and the
expectation of its spin. What is () ?

The Hamiltonian for the system is:
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* The initial state corresponds to spin —.2—x ; finding the corresponding eigenvector yields:
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Solving for a, b and normalizing gives the initial state vector: ~
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Thus, |T(t)) is given by:
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Now one can calculate (§) = (Sx)i‘+.(Sy>j> + (Sz)z'."

Define: e* =egtemI? o = g
Then, for (S, ): | |
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(sx>=P;(cos(gap.,unyr,-sin(gsﬂ,,rmy,ms(gapo:m)_fsm(gspm))

(S,)= %cos(ngat/ A)
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(S, ) = g—(—x cos(gB,dot/ #)+isin(gBuyt/ h)+icos(gBu,t 1) —isin(gBu,t/ i)
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Thus, the expectation of the electron $.5pin is:
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The electron undergoes cyclotron monon in the magnetic ﬁeld, and its motion can be calculated class1cally.
The time dependence of the momentum is given by:
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‘Where qB/m is the cyclotron ﬁequency

Lastly, for (S P ) :
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Comparison yields: -



