
Phys505 Lectures 2-3 Problems. Due Friday Jan 27 9:30 JB

Set 2 Prob 1: Classical scaling of µ with ~/mass
Work Wong Problem 2-6 for the classical nonrelativistic magnetic moment of a
particle in terms of angular momentum. Go ahead and use Jackson’s treatment
(see next page). The goal is just to understand the simple scaling with (angular
momentum)/mass. Given the same quantized angular momentum for anything,
magnetic phenomena have vastly different scales for leptons and baryons, except
in systems where their spin is coupled (“hyperfine interactions”).
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Set 2 Probs 2 and 3: Isospin in reactions, decays
Problem 2, from Halzen and Martin: Problem 3:

Similarly compute the ratio of the
decay rates for:
∆0 → p + π−

∆0 → n + π0

Mention briefly what you are
assuming. Accelerator-based ν
oscillation students need to
know how accurate such branch
calculations are, since those two
decay channels look very
different in a detector.

There are two tables of C-G’s on the next 2 pages, from Wong Appendix A-1 and
from a Particle Data Group classic table
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Prob 4: Halzen+Martin: An antisymmeterized p wf without color

Halzen and Martin go through the finite group
theory needed to justify these functions. Here I
just assume and check them:

Eq 2.71 is symmetric in spin, ud

MS and MA spin ‘up’ functions
symmetric, antisymmetric in 1st
2 pair of spins:

pS, pA are handily symmetric,
antisymmetric in the 1st 2
quarks:
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5) Compute the Magnetic moment µ of the ∆0(1232) resonance:

A wavefunction for the ∆0 with isospin t = 3/2, t0 = t3 = −1/2,
and intrinsic spin pointed fully up Sz = S = 3/2 is (Wong page 45):

|ψspin〉 |ψisospin〉 = | ↑ ↑ ↑〉 |ddu + dud + udd〉/
√

3

a) This part is symmetric under permutation. State the permutation symmetry
assumed of the spatial and color parts for this to be true (no proofs nor calculation
needed).

b) Calculate the magnetic moment in terms of quark magnetic moments µup and
µdown

c) Given known electric charges, and assuming mass mup = mdown, eliminate µup.
(The simplicity of this answer for µ of the ∆0 is preserved by a published lattice
gauge QCD calculation.) Compare to the neutron.

d) List 2 examples of extra physics that could alter this µ computation for the ∆0
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6) Parity and spontaneous symmetry breaking
Muñoz-Vega et al. Am. J. Physic 80 891 (2012) (posted in Files on Canvas)
addresses spontaneous symmetry breakdown SSB in non-relativistic QM. (It
should be obvious their notation for what we called a symmetry operator/constant
Q is U.)
They construct states of equal energy in such a system related by the parity
operator P , their example of Q. We will see in L12 and L21 SSB applied to
deformation in nuclei including static octupole deformation.
5a) 5b) Fill in the simple steps proving eqs. 14, 16, 17: I have circled what I
want on the 3rd page.
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