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1. For G =SU(2)L×SU(2)R×U(1) the covariant derivative acting on a nucleon dublet

Ψ =

(
p
n

)
takes the following form

DµΨ =
(
∂µ + Γµ − v(s)µ

)
Ψ

where connection Γµ is given by:

Γµ =
1

2

[
u†(∂µ − irµ)u+ u(∂µ − ilµ)u†

]
and u2 = U . In order to prove that DµΨ transforms under G as

D′µΨ′ = e−iθ(x)K(VL(x), VR(x), U(x))DµΨ

prove that
∂µK = KΓµ − Γ′µK.

Use
K = u′ †VRu = u′VLu

†

and

r′µ = VRrµV
†
R + iVR∂µV

†
R,

l′µ = VLlµV
†
L + iVL∂µV

†
L ,

v(s)′µ = v(s)µ − ∂µθ.

2. Similarly, show that the so-called vielbein

uµ = u†µ(∂µ − irµ)u− u(∂µ − ilµ)u†

transforms as
uµ → u′µ = KuµK

†.

3. Interaction lagragian of pions with the nucleon is given in tems of the nucleon mass
mN and so called axial coupling gA:

L(1)
πN = Ψ̄

(
i /D −mN +

1

2
gAγ

µγ5uµ

)
Ψ.

Using exponential parametrization of for the pion fields

U(x) = exp

(
i

F0

~τ · ~φ(x)

)
calculate one-pion and two-pion −nucleon interaction lagrangian (in this case exter-
nal currents can be put to zero).


