
1 ex-gauge : December 14, 2016

Exercises

1. Consider a Lagrangain

L = ψ̄γai(∂a + igAa)ψ . (1)

Argue that this Lagrangian is invariant uder
the local gauge transformation{

ψ → ψ′ = Uψ ,
Aa → A′

a = UAaU
−1 − 1

ig (∂aU)U−1 .

(2)

2. Find the infinitesimal gauge-transformation
rule for the gauge field Aa

j .

3. Argue that the covariant derivative Dµ trans-
forms under U(1) gauge trasformation as

Dµ → D′
µ = eiα(x)Dµe

−iα(x)

4. Find the transformation law of the covariant
derivative under a general gauge transforma-
tion ψ → Uψ.

5. Find the transformation law of the Yang-Mills
field tensor

Fab =
1
ig

[Da, Db]

6. Argue that the Yang-Mills Largrangian

LY M = −1
2
Tr(FabF

ab)

is gauge invariant.

7. (Extra) Assume that for any complex numbers
a and b it is valid that∫ b

a

zndz =
bn+1 − an+1

n+ 1
. (3)

Now,

(a) Argue that if the function f is analytic at
the point z0 (that is, can be represented
as a Taylor-series, f(z) =

∑
n cn(z−z0)n,

in the vicinity of the point z0) that the in-
tegral over a closed path around this point
is zero, ∮

z0

f(z)dz = 0 . (4)

(b) Argue that if the function f is analytic in
some region, one can (smoothly) distort
the integral path within this region with-
out changing the value of the integral.

(c) Argue that the inegral of 1/z around zero
is equal 2πi,∮

0

dz

z
=

∫ 2π

0

rdeiφ

reiφ
= 2πi . (5)

(d) Argue the if the function f is analytic at
the point z0, then∮

z0

dz
f(z)
z − z0

= 2πif(z0) . (6)


