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Tuesday, January 20, 2026

1. Generating functional for electrodynamics in a covariant gauge is defined as:

20 =[] [0 exp (—g [ wz)
x 6(0, A" — w) exp <z / d'z (—%FWFW + jHA“)> :

where w, A* and F* are functions of x. Show that it is equal to

1
2= [ exp (i [ o (34000 - (1= 90,0,) 4"+ ).
Transform this expression to momentum space.
2. In QCD infinitesimal change of the gauge field under the gauge transformation
Q(z) = exp(ib,(x)T?)
can be calculated from
A2 = OF (1) A,0(x) + 01 (2)9,9(x)
p " g 1
and reads (show it):
goA, = gf“bCGb(a:)A; — 0,04(x).
Calculate the change of the gauge condition
G*(A,) =nlAj
g 0G* under this transformation.
3. Next calculate matrix
0G*

=950,
and then rewrite the free part of the ghost action

M

/d4x£%PG = /d4$XaMab(9 = 0)x,
in momentum space. The inverse of this term is the ghost propagator.

4. Applying gauge condition from problem 2 to the free part of the gluon action cal-
culate the gluon propagator (inverse of gluonic operator derived from the free part
of F,, F*) in the axial gauge.



5. For a system of SU(3) scalar fields ¢;(z) with ¢ = 1,2,3 that satisfy the following
commutation rules

where matrices T satisfy SU(3) commutation relations:
|:T1a7 Tb] — ifabCTC.

Prove that ) R )
@0, Q0] =i Q).

6. In the case of fermion fields, commutation relations of scalar fields are replaced by
anticommutation relations:

{Qa,k(ta f)? qzyl(ta f/)} = 5(3) (f - f/)504/6’5kl

where «, 8 stand for Dirac indices and k, [ denote SU(3) indices. Relevant charges
are defined as

Q% a(t) = / P7q} plt, 5T qunlt, D),

~

Q) = / &7 |} (4. D)qn(t, 7) + ah(t, D)an(t, 7)|

where T = \"/a are SU(3) generators (Gell-Mann matrices). Making use of the
identity (prove it!)

{ab,cd} = a{b,c} d — ac{b,d} + {a,c} db — c{a,d}b
show that
Q5.Qh) = i
Q@ Qk] = i Qs
Q.Qk = o
[Q%,R? QV = 0.




