Q.2—-4 Consider the evolution of the spin state of an electron of mass m and charge
—e in a magnetic field of magnitude B directed along the z-axis. The hamiltoniag

MmAaLrix 15
i o1
H = & ll -IJ] L
where w = e8/m,
{1]  Show that

1 1
e, = ﬁjl and €. = E[_]

are arthonormal spinoes.

[ii] Verify that e, and e. are eigenvectors of H and find the corresponding
eigenvalues £, and £_.

The spin state of the electron At any time § 5 represented by the spinor

a; = ey exp({=iEs ey +a. exp{—iE_tff}e_,
where o, and a_ are constant amplitudes. The initial state is represented by the
spinor

ap=[1 0off

which is an eigenstate of
e
5*—5"‘[{3 -1

with exgenvalue %.ﬁ
(iii} Ewaluate the amplitodes o, and a._. Hence show that
3 = [cosdut —isin %w!]r.
{iv) Calculate the probability that 2 measurement of 5; at time t will yield the
result Tk
{w) Using the answer to part (iv), or otherwise, show that the expectation value
of 2 measurement of 5; at time £ is zhicosat.
You mey find the fellowtng identities wseful:
e? = coaf +isind, e =cosf—isin®, cosd = cos”(B/2) — sin®(§/2).
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