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Problem Set 11 (due 14.01.2013 in the lecture)

Questions

(Q1) What is they-factor (aka “gyromagnetic factor” or “Landé factor”)?

(Q2) How does a Dirac bispinor transform under Lorentz trans&droms? Describe verbally
how we derived it.

(Q3) Whatis a proper orthochronous (in Gerneagentliche) Lorentz transformation, what are
the others?

(11.1) Adjoint gamma matrices (3 points)
Show that
P =70
Hint: Remember that the “original” matrices andg are hermitian.

(11.2) Bispinor transformation for spatial reflection, and parity (3 points)
The Lorentz transformation describing spatial reflectieads

10 0 O
0O -1 0 0
A= 0O 0 -1 0
0O 0 0 -1

Show that in this case the corresponding bispinor transitomy’(z’) = S(A)y(x) is
simply given by .

S = e'¥y?
with ¥ an arbitrary phase factor.

Note: The full bispinorparity operator is accordingly defined @8 = SP© whereP© performs
a spatial reflectiom — —r.

The eigenstates of the free Dirac equation in the particle’s rest framée(gaee notes, beginning
of Sec. 5.1.2) are also eigenstatesybfbut with opposite eigenvalues for the particle-like and
antiparticle-like solutions. As a consequence, itliteinsic parities (i.e., those due to spin) are
opposite.
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(11.3) Four-dimensional spin matrices (4 points)

Show (without using a particular representation of the ©iyanatrices but only (anti-)
commutator relations) that the four-dimensional spin e

1
Oop = ) [Var 'Yu]

indeed fulfill
21(927,& - gz%y) = [fyl}? Uau]a
as claimed in the lecture.

(11.4)*Relativistic total angular momentum conservation of a Direc particle

We can write the relativistic spin component i = 1, 2, 3 of a Dirac particle [using the
spin matrices from (11.3)] in the form

1 )
Ei = §€ijk0']k.

For the case = 3 discussed in the lecture (i.e., rotations abouttkeis) we recover
indeedX3 = (e3120" + €3010%1) /2 = (02 — 02) /2 = (0'? + 0'2) /2 = o'2.

Now, let
5 . h
J=rxp®l1+ 52
with 3 = (3, X5, ¥3) be the relativistic total angular momentum.
Show that] commutes with the free Dirac Hamiltonidh = cac - p + Smc?,
[J, H] =0,
which means that the relativistic total angular momentugoisserved.

Note: Not surprisingly, the same is true féf' = H + e¢(r), i.e., for a Dirac particle in
a scalar central-field potential.



