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1. Consider N complex scalar described by the Lagrangian

L = −∂µφ
†
a∂µφa −m2φ†

aφa − λ
(
φ†
aφa

)2
,

a = 1. . N (repeated indices are summed). Determine the associated global symmetry.
[5 points]

2. Given a representation R of SU(N) one has associated hermitian generators T a
R. These

can be used to construct the matrix AR
µ (x) = Aa

µ(x)T
a
R. Consider the transformation of the

matrix given by

ÃR
µ (x) = U(x)AR

µ (x)U
−1(x) +

i

g
U(x)∂µU

−1(x),

where U(x) is a representation matrix in the representation R; U(x) = exp (−igθa(x)T a
R) with

θa(x) real. Show that this corresponds to a transformation for Aa
µ which is independent of the

representation. Hint: Start by looking at the cases in which U(x) is close to the identity.
[10 points]

3. Show that the field strength F a
µν has transformation properties corresponding to the

adjoint representation. Hence define the action of covariant derivative on it.
[5 points]

4. Show that the field strength satisfies the Bianchi identity

(DµF
a
ρσ) + (cyclic) = 0

[5 points]

5. Consider a SU(2) gauge theory whose matter content is Dirac fermions in the 2 dimensional
representation of the theory and complex scalars in the 3 dimensional representation of the
theory. The gauge coupling of the theory is g. Write down the Lagrangian of the theory, using
the explicit form of the representation matrices. Carry out the sums over all gauge indices.
All particles are massless, there are no potentials.

[5 points]

6. Consider the Standard Model Lagrangian in the the absence of the Higgs (electroweak
symmetry remains unbroken). Write down the explicit form of all kinetic terms and couplings



between gauge bosons and matter fields. Provide the explicit form the representation matrices
involved, you do not have to carry out the sum over gauge indices.

[5 points]

7. Let T a
R be the representation matrices of a the representation R of a compact Lie group. If

Tr(T a
RT

b
R) =

1

2
δab

show that the structure constant fabc defined by

[T a
R, T

b
R] = ifabcT c

R

are fully antisymmetric. [5 points]

8. Working with the quantities defined in the above problem, show that the Casimir of a
representation ∑

a

T a
RT

a
R

commutes with all the generators T a
R. Hence argue that it is proportional to the identity

matrix.
[5 points]

9. Draw the Feynman diagrams that would contribute to quark - antiquark annihilation in
QCD at weak coupling. Simplify each diagram as much as possible

[10 points]

10. Obtain the gluon propagator in QCD motivated by the gauge Aa
3 = 0 condition. Follow a

procedure similar to that we use for the gauge ∂µAa
µ = 0 i.e choose the gauge fixing function

to be
Aa

3 − wa(x) = 0,

multiply the path integral by exp
(
− i

2ξwaw
a
)
and integrate over wa. What is the ghost gluon

interaction ?
[10 points]


