Homework set 4, Due Fri Dec 14
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1. The quarks have spin ok Construct 3 quarks states with spin 5 and 3 respectively.

2. The Hamiltonian for a 3-dimensional isotropic harmonic oscillator is of the form,

3
H = hw <a{a1 + a%az + a;ag + )

2
where
{a},aj] = —dij, [a;,ai] =0, [ag,aﬂ =0

(a) Show that the Hamiltonian is invariant undet the U (3) transformation, i.e.
[H,Uy] =0,  with Uy =ala;, 4,j=1,23

(b) Show that
[Uij, Urs] = UisOjr — Urjdis

¢) Express U;; in terms of the usual generators of SU (3), (Fy,---Fg or Ty, Uy, Vi ).
J

3. Write the general Lie algebra as
[Xaa Xb] = Z‘fabc)(c

where f!, s are structure constants.
(a) Show that the generators satisfy the Jacobi identity
[Xa, [Xp, Xe]] + [Xo, [Xe, Xa]] + [Xe, [Xa, Xp]] = 0
(b) From Jacobi identity show that the matrices of the form

(Ta)bc = _ifabc

satisfy the Lie algebra, i. e.
[Taa Tb] = ifabcTc

4. For any 2 X 2 unitary matrix U with unit determinant, show that there exists a matrix S which takes U to its
complex conjugate U* through similarity transformation,

ST'US =U*
Find such matrix.
5. Let the hermitian traceless n x n matices be A\g,a =1,2,--- ,n? — 1, with normalization
Tr (AaAp) = 20ap

Show that 5
D Ay Na) g = 20udk; — —0ij0ki
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