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Problem Set 7 Quantum Field Theory Il SS 11

Problem 7.1

Consider a gauge theory with Lagrangian
— RPN " 1 1%
L= Z (jir" (Dyih); — mjab;) — 4 trF,
J

with
(D/ﬂ/’)i = u@bz’ —ig Z(Au)iﬂ/’j ) F/w = aMAV - aVAu - ig[Au> AV] .
J

a) Show
Z Dy, Do vy = —igz (Flw)ij 5 -
j=1

J
b) By using (A,)i; = >_, Ajtd; show
Fi, = 0,A5 — 0,A% + gf* AL A
c¢) Show that
D,F,, = 0,F,, —ig[A,, F..]

is a covariant derivative. Determine D,Fj,.

d) Show that Euler-Lagrange equations are given by
nylu(D,uw)Z - mwz =0 ) D“F;Lly = gjlljl ;
and compute ;9.

e) Compute the Noether current J including both 1); and Af by using the global limit of

the gauge transformation and show its conservation by using d).

f) Show
D,F,, +D,F,,+D,F,, =0.



Problem 7.2

a) Show that the matrices (%), := i f% are a representation of the Lie algebra in that they

satisfy
[t "] =i ft . abe=1,...,d(G)

Hint: Use the Jacobi identity.

b) Define
Eizzzzt?k2j7 Z.,j,k’:].,...,d(ff’)
k a

and show

T2t/ =0  Vb.
¢) Use T2 = c(r)d;; and tr(t*t") = ¢(r)6*" to show
c(r)d(G) = co(r)d(r) . (%)
d) Check (x) in the fundamental representation of SU(2) (denoted by 2) where
- %O.a : [ta’tb] _ izeabctc ’

and 0% are the Pauli-matrices.

Problem 7.3

a) The complex conjugate representation 7 is generated by t¢ = —(t%)T. Derive this relation

and show that t? satisfies the Lie algebra.

b) A representation is called real if
t* = St®S™ Va.

Show that the 2 of SU(2) is real and find S.



