Q.2-5 This question concerns an electron in a state represented by the spinor of
functions
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where u(r) is a radial function normalized by
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You may assume (but should not attempt to prove) that ¥ 13 an eigenvector of »
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(i) Show that ¥ is an eigenvector of J, = L. =5, and find the sigenvalue m,.

The spinor representation of 5, i
sl o1
s-afl 1.
{ii) Calculate (5} for the state represented by ¥.
{iii}) Using the answers to parts (i) and (i}, or otherwise, calculate (L.} for the
state represented by W
(iv] Calculate the Landé g factor for this state, using the definition
(L) +2(5:)
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(v} For eigenstates of 12,12 5% and J., it can be shown that
itd
=1
when 5 = % Use this result to find the eigeovalue of i* far the state represented
by ¥,
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Q.2-6

{i) Describe in a few sentences the main ideas of the veriafionsl method for
estimating the ground state energy of a particle in a potential well. State how the
estimate 15 related o the true ground state enecgy.

{ii) Using trial wave functions of the form
$,(z) = exp{—az?)

where « is a positive parameter, show that the expectation value of the energy
for the one-dimensional barmonic oscillator, whose potential energy function i
Viz) = {mu’=®, according to the vanational method, is
Aoy Rt
{E} - H =+ E_
{iti} Using the result of part (i), find the best escimate of the ground state energy
of the harmonic oscillator which can be found using trial wave functions of the

abave form.

{iv] State and briefly explain how vour estimate in pact (iil) is related 1o the true
zround state energy of the linear harmonic oscillator

You may find the following miegrals useful:
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